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EXECUTIVE SUMMARY

This project is designed to evaluate certain toxicolcgical, behavioral and
physiological effects of red phosphorus/butyl wrubber ‘RP/BR) smoke on two
wildlife species--black-tailed prairie dogs and rock doves. Project research
has been divided into 3 tasks: Task 1--Inhalation Equipment Cevelopment/
Ambient Carbon Monoxide (C0) Evaluation/Aerosol Distribution and Air Quality
Study, Task 2--Effective Smoke Concentration Range-finding Determinations, and
Task 3--RP/BR Effects upon Spontaneous Activity, Startle Response, Pulmonary
Function, and Blood Chemistry of Prairie Dogs and Rock Doves.

This report describes the findings of Task 2 research. The general
approach with both species involved 3 main areas of gross toxicological
range-finding assessment of RP/BR aerosol effects: symptomatology/mortality,
gross necropsy and histopathology. Mortality and symptomatology measures were
used to characterize lethal effects {number of surviving animals post
exposure, number of days until death) and sublethal effects (body posture,
respiratory congestion, coat or plumage condition, vocalization effects, water
consumption levels and body weights). Gross necropsy examinations were
performed on all animals after 28 days of post-exposure observation.

Surviving animals were euthanized with sedium pentobarbital injection and a
team of USDA/APHIS veterinarians performed the necropsies examining the
following organs for abnormalities: nasal passages, trachea, larynx,
epiglottis, bronchi, lungs, heart, liver, spleen and kidneys. Abnormalities
were recorded on standard forms for later analysis, and tissue sections of tre
first 6 listed organs plus the liver were preserved in formalin solution for
later histological examination. The histopathology examinations were
conducted at the National Veterinary Services Laboratory (USDA/APHIS).

Both RP/BR range-finding studies on each species used the same 3-phase
paradigm: Pre-exposure, Exposure and Post-exposure. The Pre-exposure Phase
was the 7 days prior to RP/BR exposure(s). Independent groups of animals /n =
6) then received 1 to 4 successive daily 80-min RP/BR-aerosol or filtered-air
exposures during the Exposure Phase. The Post-exposure Phase was a 30-day
observation/assessment period. Mortality was determined daily. Symptomatology
data were collected continuously during the first 2 phases and on the first 7
days of the Post-exposure Phase. Thereafter, data were collected every third
day through Day 28 post exposure.

Prairie dog groups were exposed to 2.0, 4.0 or 6.0 mg/! target
concentrations of RP/BR aergsol or filtered-air {0.0 mg/1) over 1 to 4
successive sessions, Rock dove groups were exposed to 3.0 or 5.0 mg/1 target
concentrations of RP/BR-aerosol or filtered-air also over 1 to 4 successive
sessions.

Mortality rates for the 2 species were vastly different within the RP/BR
aerosol ranges tested. No prairie dogs died over the 30-day observation
period post exposure, but 11:42 or 26 percent of RP/BR aerosol exposed rock
doves died within 8 days post exposure. Ten of these deaths occurred in
groups that received the 6.0 mg/l-aerosoi target concentration, and a sex
difference in mortality was also ncted. The RP/BR smoke exposures were lethal
to 42 percent of the males but only to 6 percent of the females.
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Symptoms shown by both species post exposure were similar in part. Both
species showed affected or lost vocalization. Prairie dogs given the 6.0 mg/1
RP/BR-aerosol level also showed increased respiratory congestion, Rock doves
displayed abnormal hody postures in 6 of 7 RP/BR smoke exposure groups.

Body weight effects were most pronounced in rock dove groups. The mean
body weights of males compared to females were more severely depressed post
exposure. Male survivors in the 6.0 mg/1 level groups did not recover to
their pre-exposure body weights for the entire 28-day post-exposure period.
In contrast, prairie dog groups only showed 1 1-day loss in continuous body
weight gain followed by recovery within 3 days of post exposure.

The water consumption measures indicated that, for both species, a greater
number of exposures to RP/BR smoke Ted to more elevated consumption lcvels on
Days 10 through 28 post exposure. Both species also showed significant
Concentration x Session interaction effects. The effects, however, were
opposite for prairie dog versus rock dove groups. Whersas the 6.0 mg/1
smoke-expesed prairie dog groups showed the highest mean water consumption
late in post exposure (Days 10-28), the 3.0 mg/1 smoke-exposed rock dove
groups showed higher mean water consumption levels compared to the 6.0 mg/1
smoke-~exposed doves for this period. This paradoxical species difference was
explained in terms of unavailability of Tate post-exposure data due to high
mortality rates in those rock dove groups receiving 6.0 mg/1 smoke exposures.

Necropsy data and histopathology data analyses yielded no strong,
consistent effects in either species. There were only a few increased
incidences of excessive mucus or exudate in nasal passages and larynges of
those rock dove groups exposed to 6.0 mg/1 RP/BR smoke over 3 and 4 successive
sessions.

Task 2 mortality results affirmed that both black-tailed prairie dogs and
rock deves are more resistant to the lethal effects of RP/BR smoke than aibino
laboratory rats. The range-finding results, along with Task 1 data ‘ndicating
potential high CO values (35 ppm) at the 6.0 mg/1 smoke concentration level,
led to our selection of 4.0 mg/1 as the maximum target concentration to be
used in Task 3 studies. Rock dove mortality at this level for 2 exposure
sessions was predicted to be tolerable at less than 5 to 10 percent; prairie
dog mortality at this level for 4 exposure sessions was predicted to be nil.
The minimum target concentration for Task 3 was selected to be 1.0 mg/1 in
order to minimize RP/BR flame-outs and re-ignition problems, and to thus
maintain high temporal homogeneity during animal exposures.
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FOREWORD

Opinions, interpretations, conclusions and recommendations are those of the
author and are not necessarily endorsed by the U.S. Army.

__v__Where copyrighted material is quoted, permission has been obtained to
use such material.

o~ _Where material from documents designated for limited distribution is
quoted, permission has been obtained to use the material.

~~ Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of
the products or services of these organizations.

 _In conducting research using animals, the investigator(s) adhered to the
'‘auide for the Care and Use of Laboratory Animals," prepared by the Committee

on Care and Use of Laboratory Research Council (NIH Publication No. 86-23,
Revised 1985).

¢__For the protection of human subjects, the investigator(s) have adhered
to policies of applicable Federal Law 45CFR46.
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I. INTRODUCTION

Red phosphorus butyi rubber {RP/BR) is the active agent in smoke grenades

used to conceal troop movements by the U.S. Army ‘Burton, Clark, Miller, and
Schirmer, 1982). Upon detonation, the grenades produce a dense white smoke
consisting almost entirely of finely divided phosphoric and polyphosphoric
acid (e.g., HaPOg, HaP707) particles, along with trace amounts of carbon
monoxide (CO). Potential health and environmental risks associated with RP/BR
smoke are being assessed by the Health Effects Research Division, U.S. Army
Biomedical Research and Development Laboratory (USABRDL},

Burton et al, (1982) evaluated the lethal effects of RP/BR combustien products
over a range of concentrations extending from 1.5 to 8.5 mg/1 in albino rats.
Based on these data, we calculated the LCgg of RP/BR smoke to be 2.46 mg/1

for rats given 5, 1-h daily exposure sessions. Post mortem examinations of
the rats in this study characteristically showed laryngeal and epiglottal
injury after exposure to high concentrations of the smoke (i.e., >5.0 mg/1).
Multiple exposures to these concentrations also produced pulmonary congestion,
edema and hemorrhage.

In a later study, Aranyi (1983b) exposed separate groups of albino rats to
concentrations of RP/BR smoke products ranging from 1.56 to 3.05 mg/1 for 5,
1-h daily sessions. Mortality ranged from 5% to 90%, and the LCsg value was
estimated to be 2.32 mg/1 RP/BR aerosol for this dosing procedure. Aranyi
expected that inhalation toxicity would be related to pulmonary irritation,
edema, scarring and, possibly, a lessened resistance to later infectious
agents; however, none of the gross pathology or histopathology examinations
confirmed these expectations.

Subsequent research (Aranyi, personal communication, 1984) indicated that
RP/BR smoke can produce lung sclerosis in vivo at 1.2 mg/1 with 40 h of total
exposure in laboratory rats. Later, in tests for pulmonary bactericidal
activity in vitro, rat Tung tissues showed reduced resistance to an infectious
agent at low, repeated 1-h inhalation expesures of approximately 0.5 mg/1.
Extended RP/BR-smoke-exposure regimens involving this 0.5 mg/1 concentration
produced varying decrements in body weight gain that was more pronounced for
male than for female rats.

In recent years, environmental concerns have been raised regarding the
effects of repeated RP/BR-smoke exposures and other aerosol agents on plant
and animal species living on or near military training installations. Van
Voris et al. {1986) have demonstrated that 2- tc 8-h exposures of 5 plant
species {sagebrush, ponderosa gine, short-needle pine, blando brome and
bushbean) at 200 tc 5,600 mg/m® concentrations of RP/BR smoke produces a
variety of toxic effects including leaf-tip burn, wilting, chlorosis,
desiccation and dieback. To date, however, there have been no published
reports on the effects of RP/BR smoke on wildlife, particularly dose-response
evaluations. This lack of data led to the current work,

Black-tailed prairie dogs (Cynomys ludovicianus) and rock doves {Columba
livia) were selected as representative wild mammalian and avian models to
document potential toxicological, behavicral and physiological effects of
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Figure 1. Drawings of a black-tailed prairie dog (Cynomys ludovicianus) and a
rock dove (Columba livia), with distributional range maps for each

species shown as inserts.
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RP/BR-smoke exposure., As shown in Figure 1, both species share an extensive,
overlapping range throughout the central United States. Data generated for
these model species should provide general indications of potential RP/BR-
smoke effects upon a variety of North American wildlife species 'common or
endangered)., These data should prove useful to the U.S. Army, and to the
public, in determining the environmental risks associated with frequent,
repeated detonation of RP/BR grenades on military lands.

The main objective of Task 2 research is to determine gross toxicological
effects of RP/BR smoke in concentration range-finding studies on these 2
wildlife species, prairie dogs and rock doves. Both species adapt well to
confined laboratory conditions, and the behavioral and physiological effects
of the RP/BR aerosol, if consistently identified, could be used to predict
ecological effects upon certain wild mammal and bird populations 1iving near
or on U.S. Army training sites. The sublethal toxicological data
'symptomatology, gross necropsy and histopathology) are also to he used for
determining the levels of RP/BR smoke exposure in Task 3--consequences of
RP/BR-aerosol inhalation upon puimonary functicn, blood chemistry, spontanevus
activity and startle response in these species.

IT. DETERMINATION OF RP/BR AEROSOL TOXICITY EFFECTS
A. Approach

Three main sets of variables were selected to assess the toxic effects

of RP/BR aerosol upon prairie dogs and rock doves: symptomatology/
mortality, gross necropsy and histopatholtogy. Symptomatology variables
were used to characterize sublethal effects of RP/BR smoke upon such
measures as body weight, water consumption, respiratory congestion and
vocalization; whereas, lethal effects were quantified using such measures
as number of animals surviving up to 28 days and number of days until
death., After 28 days of post-exposure observation, surviving animals
were euthanized with sodium pentobarbitol injection. Consulting
veterinarians (APHIS, Veterinary Services, Denver, CO) then necropsied
each animal reporting abnormalities observed in the respiratory tracts
and lungs, heart, liver, spleen and kidney. Sections of organs were also
removed from each animal at the time of necropsy, preserved in formalin
solution, and sent to a pathology laboratory (APHIS, National Veterinary
Services Laboratory, Ames, IA) for histological examination.

Conduct of the RP/BR-aerosol range-finding studies involved a standard
3-phase paradigm: Pre-exposure, Exposure and Post-exposure. The
Pre-exposure Phase coincided with the 7 days prior to RP/BR-aerosoi
exposure. During the Exposure Phase, independent groups of animals [n =
6) received 1 to 4 successive daily 80-min RP/BR-aerosol or tiltered-air
exposures. The Post-exposure Phase involved an additional 30-day period
for observation and assessment of RP/BR-caused effects in each group.

Throughout each Phase, mortality was determined daily. Symptomatology
measurements were coliected on each day of the Pre-exposure and Exposure
Phases {i.e., immediately prior to RP/BR exposure) and on Days 1-7, 10,
13, 16, 19, 22, 25 and 28 of the Post-exposure Phase.




For purposes of data analyses, the mortality, gross necropsy,
histopatho]o§y and certain symptomatclogy data (i.e., clinical

o

observations) were treated descriptively ‘e.qg., frequencies, percentages).
The symptom categories of body weight and water consumption were analyzed
using multi-factor analysis of variance [ANOVA) designs {Winer, 1971),
with post hoc Duncan Multiple Range Tests used to assess significant
effects found using ANOVA [Waller and Duncan, 1969),

The selection of appropriate RP/BR-smoke concentrations and exposures to
be used in Task 3 were based on sublethal effects cohtained from the
aforementicned analyses. A relatively high and lTow sublethal treatment
(i.e., RP/BR-smoke concentration x number of exposures) was sought for
use with each species.

B, Methods and Materials
1. Animals
a. Black-tailed Prairie Dogs

Appendix A presents detailed descriptions of animal care
procedures used for mainternance of prairie dogs during Task 2
studies.

A1l prairie dogs were captured at Buckley Air National Guard Base,
Aurora, CO, during the month of February 1987, Approximately

95 percent of the 110 animals were captured by dispensing large
volumes of soap and water into individual burrows (see Elias,
Crier and Tietjen, 1974). As the burrows filled with soapy water,
the prairie dogs exited and were hand-captured with.a snare pole
or gloves. Animals were towel-dried and immediately dusted with
Purina Flea and Tick Powder to kill external parasites. The
remainder of the prairie dogs were captured in wire mesh live
traps (i.e., #203 Tomahawk Trap). After each day's capture
session, animals were transported by vehicle to the DWRC
quarantine facility.

Upon arrival at DWRC, the animals were re-dusted with Purina Flea
and Tick Powder. Subsequently, each prairie deg was weighed
{nearest g) and implanted with a subcutaneous transponder
[l1dentification Devices, Inc., Boulder, €O} for individual
identification [Fagerstone and Johns, 1987). The transponders
were implanted using a 12-gauge needle at a site approximately 25
mn posterior to the animal's right ear in the dorsal neck region.
Animal numbers could be "read" electronically by passing a
hand-operated wand near the transponder. Animals were fed Purina
Rabbit Checkers ad libitum and fresh cabbage 3 times per week
during the .14-day quarantine period (April 15-29, 1987). After
health checks !Veterinary Services, APHIS, USDA), animals were
officially released frem quarantine and were transported to
Building 16 of the Denver Wildlife Research Center (DWRC).




A total of 72 animals (36 of each sex) was used for the
range-finding studies. At Building 16 in Room 157S (see Insert
Fig. 3) & l4-day acclimation-stabilization period was imposed on
all test animals before the Pre-exposure Phase began. Animals
vere fed the same diet as during quarantine. During acclimation
and throughout the range-finding studies, the prairie dogs were
housed individually in either galvanized (51 x 27 x 38 cm) or in
stainless steel cages (61 x 62.5 x 41 cm). The research rooms
were temperature (230 + 20 C) and light:dark (12:12 h)
controlled throughout all acclimation and test phases.

b. Rock Doves

Appendix A offers a detailed description of the animal care
procedures used with rock doves. A shipment of 122 rock doves
was purchased from a local supplier on January 7, 1987. Birds
were captured with cannon nets after a feeding site was prebaited
with cracked corn (see Grubb, 1988); all birds were caught in the
North Denver Area.

Upon receipt at DWRC, the birds were placed in wire mesh outdoor
aviary cages (3.0 x 1.5 x 1.8 m). Up to 30 doves were held per
cage, and the ad libitum maintenance diet was Purina Pigeon
Checkers, cracked corn, grit, and water. After 13 weeks in this
outdoor aviary, the doves were moved to an indoor quarantine
facility. This was an 11.5-m-diameter steel Butler building,
with heat and light provided.

At the time of transport to the quarantine facility, the birds
were leg-banded with individual identification numbers, weighed
and dusted with Purina Flea and Tick Powder. They were then
checked for overt signs of poor health (Veterinary Services,
APHIS, USDA) before being placed in one of 3 wire mesh communal
aviaries (1.6 x 3.3 x 2.6 m; 2.0 x 6.6 x 2.6 m; 3.9 x 3.9 x ~
2.6 m). Fecal swabs were also collected from a sample of doves
and analyzed for several avian diseases (e.g., Newcastle's
Disease, Psittacosis). During quarantine, animals were
maintained on Purina Pigeon Checkers and water ad libitum in this
facility on a 12:12-h forward light:dark cycle for 29 days.

Upon completion of quarantine, the rock doves were moved to
Building 16 (Rocm 180, see insert Fig. 3) and were allowed 14
days of acclimation-stabilization. A total of 48 doves (24 of
each sex) was used during the range-finding experiments. Doves
were held in this temperature (230 + 20 C) and light:dark
(12:12-h) controlled room in individual galvanized wire mesh
cages (51 x.27 x 38 cm). The birds were fed the same diet as
during quarantine.



2. Inhalation-exposure Systems

Two separate inhalation systems were used to expose animals to either
doses of RP/BR aerosol or to equivalent durations of filtered air.
The Modified RP/BR Extruder and Inhalation Chamber System was
described in the Task 1 Report (Sterner et al., 1988}, The Filtered-
air Inhalation Chamber System was installed between 17 February and

1 May 1987 to provide for "control treatments" of independent groups
of animals in Tasks 2 and 3.

Fssentially, each System was constructed of identical materials and
components, but each had independent closed-air supplies with separate
air-filtration, air-humidification and air-movement equipment.
Negative air pressure produced by individual ceiling vents (approx.
15-room air exchanges/h) within each system-housing room {i.e., Rooms
158 and 159, see insert Fig. 3) ensured against any unwanted exposure
of animals in the animal-holding areas {i.e., Rooms 1575 and 160, see
insert Fig. 3) to potential traces of escaping RP/BR aerosol.
Additionally, because expnsures of animals to RP/BR aerosol always
occurred prior to the conduct of the "filtered-air exposures" at a
different time of day, the possibility of direct crcss contamination
between RP/BR-aerosol and Filtered-air Systems was negligible,

a. Modified RP/BR Extruder and Inhalation Chamber System

Figure 2 presents an illusfration of the Modified RP/BR Extruder
and Inhalation Chamber Sysiem. The insert of Figure 2 is a
detailed drawing of the RP/BR extruder equipment.

A detailed description of the Modified RP/BR Extruder and
Inhalation Chamber System is provided in Sterner et al. (1988).
This System is similar to that described by Holmberg, Moneyhun,
and Gayle (1985) and Aranyi (1983a, 1983b, 1984, and 1986). Key
modifications to the original [ORNL) system involved the addition
of certain air-filtration, air-humidification, temperature-
regulation, and acid-resistant components {see Sterner et al.,
1988). Essentially, results of aerosol uniformity and air quality
tests showed the distribution of the within-chamber aerosol (i.e.,
aerosol mass, phosphoric acid, particle size) to be highly
uniform, with acceptable volumes of respiratory gases (i.e., 02
and C0p) and with tolerable amounts of contaminant gases (i.e.,
C0, PH3 and CgH14). Operation of the RP/BR-aerosol System

can be summarized as involving 4 elements: the formulation of
RP/BR product plus 3 subsystems of aerosol production and
exposure (i.e., RP/BR extruder/generator, inhalation chamber, and
air-movement/-condition/-filtration subsystems).

(1) Formulation of RP/BR product.--The RP/BR product was
formulated by the staff of the Bio/Organic Analysis Section,
Analytical Chemistry Division, Oak Ridge National Laboratery
(ORNL) in accordance with APHIS Interagency Agreements (IAGs)
87-74-01 and 34-WT-88 12-34-74-006 {IA)}. The mixture was
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Figure 2, Technical illustration of the Modified RP/BR Extruder and
Inhalation Chamber System. (Note.--Components of the System are
scaled relative to the perspective, i.e., 2.54 cm equals 0.6 m,
but the Tocation of some components has been drawn to improve the
visual display.) The insert shows a schematic diagram of the
RP/BR extruder/generator subsystem--the equipment used to
automatically extrude the softened RP/BR product into the glass
burn chamber where it is ignited to generate aerosol in the
intake airstream {from Holmberg, Moneyhun and Gayle, 1985),
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formulated from 2.5 kg lots of & $5% RP (2.375 kg) and 5% BER
(6.125 kg) product. Foll8wing mixing of the dry RP and BR
substances, the product was placed in a vacuum desiccator and
hexane was introduced until 7-8 percent (wt/wt) was absorbed.
This “"softened product" was then loaded into 11.45-cm sections
of 1.91 cm i.d. stainless steel pipe (billets). Each of these
"billets" contained approximately 40 g of pliable RP/BR
material that was sealed with Teflon-lined steel caps to
prevent drying. Billets were shipped to DWRC as needed, and
only billets <3 months old were used to produce RP/BR

aerosol for Task 2 studies.

(2) RP/BR extruder/generator subsystem.--The insert of
Figure ¢ presents a schematic drawing of the RP/BR extruder/
generator subsystem. Operation requires loading the extrusion
cylinder with the formulated RP/BR product. This material is
then extruded automatically under approximately 300-1000 psi
pressure using a hydraulic cylinder {Enerpac, Butler, WI)
connected to a metering pump (Eldex, Menlo Park, CA). The
RP/BR bead (approx. 2-mm dia.) is extruded into the custom-
blown glass burn chamber where it is ignited to produce the
RP/BR aerosol. A small envelope of nitrogen (N») gas is

bled continuously into the RP/BR extrusion tip to prevent a
backburn of RP/BR.

(3) Inhalation chamber subsystem.--The inhalation chamber is
a standard stainless steel unit (91.5 x 91.5 x 91.5 cm) with
autoclave door (Bertke and Young, Cincinnati, OH). The
internal chamber has 3 shelves each containing 4 stainless
steel wire mesh animal cages (30.5 x 30.5 x 30.5-cm). A PVC
drain vaive is plumbed to the bottom of the chamber for
flushing the interior teo a floor drain.

(4) Air-movement/-condition/-filtration subsystem.--As
stated, air flow 15 caused by an in-line industrial vacuum
(Dayton Electrical Mfg. Co., Chicage, IL). This vacuum
source is located at the end of the closed, air-flow line.
Calibrated air flow was determined using a Pneumotachograph
Ajr Pressure Gauge (OEM Medical, Inc., Richmond, VA). The
operator regulated a variable voltage auto transformer (Staco
Energy Products, Dayton, OH) which controlled the vacuum
source so that a stable 250 1/min flow of air was maintained
through the System.

Conditioning of the intake air refers to humidification,
filtration, and cooiing. Humidification of the intake air

was accomplished using a commercial console humidifier
(Emerson Electric Co., St. Louis, MO) with a custom-fabricated
Plexigias humidity-collection chamber (61 x 30.5 x 30.5-cm)
located over the humidifier's exhaust (Fig. 2). From the
humidity-collection chamber, air was routed through flexible
PVC tubing to a custom-made Plexiglas filter bay ?33 x 33 x
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15.3 cm}. This bay collected the humidified air prior to
passage through an Absolute Filter Unit {Young and Bertke
Co., Cincinnati, OH) which contained a pleated, coarse filter
{American Air Filter, Louisville, KY), a charcoal bed and a
HEPA filter [Mine Safety Appliances Co., Pittsburgh, PA).

Next, the humidified, filtered air flowed through PVC tubing
to the Hygrothermograph Chamber. This Chamber was custom-
fabricated of Plexiglas (62.3 x 31.8 x 32.4 cm) and was
designed to allow filtered air mixing along with RH measure-
ment. A Hygrothermograph (Belfort Instrument Co., Baltimore,
MD) was placed inside the chamber and the 1id of the chamber
was sealed. The Hygrothermograph was calibrated prior to
each day's RP/BR burns using a fixed-position psychrometer
(Be]fort Instrument Co., Baltimore, MD}. Humidity in the
air-flow Tine was maintained at between 40 and 60 percent,

From the Hygrothermograph Chamber, air moved through flexible
PVC tubing to the glass burn chamber. The aerosol-laden,
heated air then moved from the burn chamber through flexible
and rigid sections of stainless steel pipe to the apex of the
inhalation chamber. A large portion of this pipe was
surrounded by a water jacket; and, cold water was circulated
between the jacket and a cold water bath (Massagerata Herk
Lauda, West Germany) to cool the intake pipe and the

aeroso1 Activation of this temperature-control subsystem
was a decision of the operator. Generally, circulation of
cold water was not required as long as the room temperature
remained less than 219 C or if low- concentratlon RP/BR

burns were planned (i.e., <3.0 mg/1).

After the aerosol-laden air reached the apex of the inhalation
chamber, it dispersed throughout the chamber. A uniform flow
was assumed to occur from apex to base. The aerosol was
exhausted from the base of the chamber via PVC pipe. From the
RH-recording port, the aeroso! moved to a 7-bank, DX-grade
coalescent filter unit {Balston Filter Products, Lexington,
MA). The filter removed over 99 percent of the aerosol and
associated contaminants from the chamber exhaust ‘Holmberg et
al., 1985}, Finally, the "scrubbed air" flowed to the vacuum
source (Dayton Electrical Mfg. Co., Chicago, IL) via flexible
PE tubing, and exited the System (building) via PE tubing
through a ceiling vent. A 30-gailon PVC shroud covered the
vacuum source to prevent any residual smoke products from
entering the room,

b. Filtered-air Inhalation Chamber System

Figure 3 is a technical illustration of the Filtered-air
Inhalation Chamber System. The insert of Figure 3 shows the
generai floor plan of the DWRC Laboratory (Buiiding 16), with
animai-housing areas and inhalation systems, The Filtered-air
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Figure 3. Technical illustration of the Filtered-air Inhalation Chamber
System. (Note.--Components of the system are scaled relative to
the perspective, i.e., 2.54 cm equals 0.6 m, but the locations of
some components have been drawn to improve the visual display.)
The insert shows a schematic drawing of the laboratory areas of
DWRC housing the inhalation systems or the wildlife species
during toxicity range-finding studies.
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Inhalation Chamber System was used to expose separate groups of
animals to equivaient durations of filtered air. This System was
constructed to duplicate properties of the Modified RP/BR
Extruder and Inhalation Chamber System, but without the
generation of RP/BR aerosol. Identical equipment, tubing, and
products comprised both Systems. Because the Filtered-air
Inhalation Chamber System was not described in Sterner et al,
f1988), details of this System are provided here.

Briefly, air flow was produced by an in-1ine vacuum (Dayton
Electrical Mfg. Co., Chicago, IL). Air-flow rates were calibrated
using a Pneumotachograph Air Pressure Gauge {OEM Medical, Inc.,
Richmond, VA); calibration procedures were identical to those

used with the RP/BR System /see Sterner et al., 1988), Specific
magnahelic readings equivalent to 250 1/min and 500 1/min flow
rates were 0.35 and 1.20 in. of water, respectively.

Humidification of the intake air was accomplished using a
commercial console humidifier (Emerson Electric Co., St. Louis,
MO). A Plexiglas humidity-collection chamber (61 x 31.5 x 30.5
cm) was located over the humidifier's exhaust. The humidified

air was routed through a 1.09-m length of 10,.16-cm (i.d.) flexible
PVC tube to a custom-made Plexiglas filter bay (33 x 33 x 15.3 cm)
and an Absolute Filter Unit (Young and Bertke Co., Cincinnati,
OH). This filter unit contained a pleated, coarse filter
(American Air Filter, Louisville, KY), a charcoal bed and a HEPA
filter (Mine Safety Appliances Co., Pittsburgh, PA).

Next, the filtered air flowed through a 1.22-m section of 10.16-cm
(i.d.) fiexible PVC pipe to the Hygrothermograph Chamber. This
chamber was custom-made of Plexiglas {62.3 x 31.8 x 32.4 cm).

The same Hygrothermograph (Belfort Instrument Co., Baltimore, MD)
used for the RP/BR-aerosol exposures was placed into this chamber
during measurement sessions. Humidity was added, as needed, to
the intake air so as to maintain between 40 and 60 nercent RH.

From the Hygrothermograph Chamber, air moved through a 1.57-m
section of 7.5-cm diameter flexible PYC tubing to the glass burn
chamber of a RP/BR extruder. That is, an extruder was placed in
the air intake line, but was never loaded with RP/BR.

From the “blank" burn chamber, air flowed through a 2.47-m length
of 5.6-cm diameter flexible stainless steel pipe. A U-shaped 5-m
Tength of 6.35-cm diameter stainless steel pipe was run from the
end of the flexible pipe to the apex of the inhalation chamber
fi.e., intake pipe duplicated as in the RP/BR System). The base
of the U-shaped column also was joined by a custom-molded
stainless connector with a 5.6-cm (0.d.) valve and faucet
{14.5-cm-long, 1.9-cm i.d.) to form the condensate drain on the
RP/BR System, No water jacket ccoling column surrounded the
stainiess steel intake line of the Filtered-air System,
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Air then flowed down through the inhalation chamber, from cpex to
base. At the base of the chamber, the air was exhausted via a
standard PVC pipe (5.08 cm o0.d.). Similar to the RP/BR Syster, a
special RH-recording port was located 24 cm from the chamber
outlet (see Fig. 3). The RH port was made of a 20-cm length of
10.16-cm (o.d.? clear Plexiglas tubing plumbed vertical to the
exhaust pipe. The port was sealed with a PVC end cap. At the
end of each exposure session, a measurement of in-chamber RH was
obtained by inserting a standard wet-/dry-bulb thermometer in the
chamber exhaust line for approximately 5 min. Again, the RH was
determined using standard charts corrected for barometric
pressure (U.S. Department of Commerce, 1965).

From the RH-recording port, air moved to the vacuum source
(Dayton Electrical Mfg. Co., Chicago, IL). No 7-bank, DX-grade
filter unit was present in the Filtered-air Inhalation Chamber
System. The air was then vented from the System and from the
building through wire-ribbed PE tubing (5.02 cm dia.) via the
room's ceiling vent. No 30-gal PVC shroud covered the vacuum
source of this System.

3. RP/BR Aerosol and Filtered-air Monitoring

Single or multiple 80-min exposures of animals to selected target
concentrations of RP/BR aerosol or equivalent durations of filtered
air were the main experimental treatments used in the current studies.
Characterization of the chamber atmosphere present for each RP/BR-
aerosol or filtered-air exposure during the toxicity range-finding
studies was accomplished using techniques described in the Task 1
Report (Sterner et al., 196/). Table 1 lists these variables and
respective analytical methods. Figure 4 illustrates the chamber
monitoring schemes associated with the Modified RP/BR Extruder and
Inhalation Chamber System and the Filtered-air Inhalation Chamber
System. It shows the complex sequence of atmospheric samples
obtained to document the dosimetry associated with each burn.

Sampling of in-chamber conditions differed for the 2 chambers; no
opacity readings were taken for the Filtered-air Systam. Checks of
the Modified RP/BR Extruder and Inhalation Chamber System atmosphere
involved 7 sets of variables: (a) aerosol mass, {b) phosphoric acid
(H3P04) titration, (c) aerosol opacity, {d) aerosol particle size,

e? respiratory gases, (f) contaminant gases and (g) temperature/
humidity. Checks of the Filtered-air Inhalation System atmosphere
involved 6 sets of variables: (a) aerosol mass, (b) phosphoric acid,
(c) respiratory gases, (d) contaminant gases, (e) aerosol particle
size, and (f) temperature/humidity.

a. Aerosol Mass
Aerosol mass collections were made using 45-mm-diameter acrylic

filter holders (Phipps and Bird Co., Richmond, VA) and 45-mm-
diameter Borosilicate-glass filter discs (Phipps and Bird

12
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Table 1. List of variables, plus respuctive analytical techniques, used
to characterize in-chamber conditions during the RP/BR or -
filtered-air exposures of thz toxicity range-finding studies.

Variable Technique

Aerosol Mass Gravimetric Analysis
Phosphoric Acid (H3P04) Titration Anaiysis
Aerosol Cpacityd ORNL Infrared Detector
Aerosol Particle Size QCM Cascade Impactor
Respiratory Gases

Cxygen (02) Gastec Analyzer Tube

Carbon Dioxide (CO) Gastec Analyzer Tube
Contaminant Gases

Carbon idonoxide (CO) Gastec Analyzer Tube

Phosphine (PH3) Gastec Analyzer Tube

Hexane {CgH14) Gastec Analyzer Tube
Temperature/Humidity

Temperature Digital Thermometer

Relative Humidity Wet-/Dry-bulb Thermometer

a8 Although digital counts of aerosol density were obtained for each
RP/BR burn, these data were nct summarized for analysis. Aerosol opacity
charts were used to estimate maximum steady-state concentrations achieved
over 36 to 40 min samplings on a portion of the exposure sessions as
outlined in Appendix G.

13
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Co., Richmond, VA). A 45-mm-diameter Buna-n Rubber 0-Ring was
used to seal the filter discs within the filter holders. The
filter holders were machined and threaded to a 0.625 in. diameter
at the center to hold a Millipore Limiting Flow Orifice (Millipore
Corp., Bedford, MA); these orifices provided a uniform flow rate
of 1 1/min * 5% for sampled aerosol. During collection, a filter
holder was mounted onto the downstream leg of interconnected
plastic and PE tubing running from the center of each chamber to

a vacuum pump. In-line sampling connections were made air-tight
with Teflon tape.

Collection of aerosol mass samples for the RP/BR exposures
involved the use of a special Aerosol Sampling System (Fig. 5).
This System was described in Sterner et al. (1988). Briefly,
sections of rigid plastic tubirg and pliabie PE tubing were
connected between the center of the chamber and a filter holder
via a sampling port on the right front of the inhalation chamber.
The filter holder was then connected to a stainless steel
tri-valve (Whitey Co., Highland Heights, OH) on a custom-built
panel (Fig. 5). The tri-valve was used to direct vacuum pressure
across a fiberglass filter disc during RP/BR aerosol data
collections. Vacuum pressure for the aerosol sampling system was
created by a Millipore Vacuum Pressure Pump (Miilipore Corp.,
Bedford, MA) attached to the tri-valve.

Filtered-air mass collections were made using essentially the
same type of equipment, except that the Aerosol Sampling System
was not used. A direct-line connection of plastic and PE tubing
connected the center of the filtered-air chamber with a filter
holder and the Millipore Vacuum Pressure Pump i.e., 1 1/min
sampling rate).

Aerosol mass of both RP/BR-aerosol and filtered air was measured
gravimetrically. This involved weighing the assembied filter
holder, filter disc, and 0-ring on a Sartorius anaiytical balance
(Brinkman Instruments Co., Westbury, NY) immediately prior to,
and then following each RP/BR aerosol or filtered-air collection.
The difference between the pre- and post-weight of filters was
the mass of aerosol or filtered air accumulated during the
sampling period (i.e., 80-min exposure).

b. Phospheric Acid (H3PO4) Titration

Titration analysis was used to determine the amount of H3P0a
contained on each filter-disc. This measure is considered
representative of the total phosphorus content of the aerosol
(Burton et al., 1982).

Following gravimetric analysis, filter discs collected for
respective sampling periods were deposited into covered plastic

Petri dishes (Miles Laboratories Inc., Naperville, IL). Single
discs were collected at RP/BR aerosol target concentrations below

15
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Technical illustration of the Aerosol Sampling System used to
collect RP/BR aerosol mass - H3PO4 titration filters,

opacity measurements and particle size measurements during
toxicity range-finding studies. (Note.--Cage 12 was unused
throughout Task 2; room air drawn into the chamber through the
Gastec Sampling Port was believed to cause a localized dilution
of RP/BR aerosol for Cage 12.)
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4.0 mg/1; whereas, two successive discs were collected at target
concentrations of 4.0 and higher to avoid saturation of the discs.
The Petri dishes were stored in a ventilated cabinet for between
48 and 168 h to allow for complete hydrolysis of the acids. This
aging process was used because, at the time of aerosol collection,
there were several acids present (i.e., H3PO4, polyphosphorics

and cyclic polyphosphorics). With storage, the larger phosphoric
acid molecules hydrolyze to H3PO4 !Burton et al., 1982}, A
number of unused, "blank" discs, exposed to ambient room air
during RP/BR-aerosol and filtered-air sessions, were also stored
in this manner for purposes of quality assurance analyses.

Titration analysis involved the use of a Radiometer UTS-800 Multi-
titration System (Radiometer America Inc., Cleveland, OH). Upon
removal of the filter from storage, each disc was extracted using
60 ml of boiled deionized water in a 400-m! glass beaker and
agitated with a magnetic stir bar for 10 min. When two pads were
involved, the solutions were combined after extraction.
Subsequentiy, a 20-ml sample of the extracted solution was pipeted
into a 22- to 45-ml disposable sampie cup (Radiometer America
Inc., Cleveland, OH) and was titrated using either a 0.1N or a
0.0IN sodium hydroxide (NaOH) titrant (Fischer Scientific, Fair
Lawn, NJ). The titrator was programmed tc calculate mg of

H3P04 in the total extracted sample by inflection-point

titration. The formula used to make the calculation for single
filter pads was:

Total mg H3pOg = (ml_titrant to 1st inflection)(meq/ml titrant) x Factor
ml of sample

where Factor refers to a unique titration constant based on {3 x
ml of sample x formula wt in mg/meq of H3P0s). Assuming that
hydrolization to H3PO4 is complete, the first inflection point

is a direct measure of the total number of phosphorus atoms (i.e.,
mg of H3P04) present in the extracted sample, If only H3PO4

is present, the amount of NAOH required to titrate to the first
inflection point is equal to the HAQH needed to titrate from the
first to the second inflection point. Comparisons of H3PO4
standard soiutions indicated that all aerosol filters had
sufficiently hydrolized.

c. Aerosol Opacity

The density of RP/BR aerosol within the inhalation chamber was
monitored continucusly during the burns using an ORNL Aerosol
Sensor (Higgins, Gayle and Stokely, 1978; Holmberg et al., 1985).
This sensor consisted of an infrared light-emitting diode mounted
beside, but opti.ally separated from, a phototransistor. Aerosol
particles scatter the infrared light, raising the mv output of the
transistor and providing an analog record on a chart recorder
{Cole Palmer Instrument Co., Chicago, IL). The sensor consisted
of a 16-cm-long metal probe which was inserted into the top of

17




the inhalation chamber so as to minimize interference due to
animal cage reflectance back to the sensor probe (see Fig. 5).
<

Each sensor probe had its own characteristic sensitivity. Each
probe was also calibrated by comparing gravimetric filter samples
of the aerosol taken over a known time period with the integrated
sens?r response provided by a digital counter on the readout
module.

Charts of the opacity sensor measurements and the total
integrated sensor counts for each RP/BR burn have been archived.
These charts provide visual records of flame outs and stability
of combustion product aerosol levels during each burn and the
charts were also used to graphically estimate steady state
concentrations as outlined in Appendix G.

d. Aerosol Particlie Sizes

Samples for determining aerosol particle size were obtained
between 20 to 60 min after ignition of the RP/BR material.
Measurements were derived by using a Piezo-electric
Quartz-Crystal-Micro-Balance (QCM) Cascade Impactor (California
Measurements Inc., Sierra Madre, CA).

The procedure invelved 2 successive RP/BR- aerosol samplings from
near the center of the chamber, along with 2 samples of the ioom
air taken immediately after the RP/BR-aerosol or the filtered-air
readings. Aerosol sampling involved connecting a plastic
sampling tube to the ORNL vacuum flow pump and to the high
concentration slide valve on the QCM Cascade Impactor.
Interconnected lengths of PE and rigid plastic tubing then
connected the slide valve of the Cascade Impactor to the

center of the inhalation chamber. The aerosol sampling flow rate
was 4.3 1/min, and an in-line 45-mm-diameter aerosol filter
protected the pump*s diaphragm from phosphoric acids. During
room air measurements, samples of ambient air were collected from
outside of the inhalation chamber {Rooms 158 or 159).

A 10-sec sample of aerosol or air for each respective measurement
was circulated a minimum of 90 sec within the impactor column.
Injections of aerosol or air were drawn into the stack of matched
frequency quartz crystal oscillator pairs using the slide valve.
Upon completion of this temporal sequence, paper tape output
containing (1) « histogram of the relative mass of aeroso}
detected for each stage, (2) the number of 300 ul samples

taken, (3) the total aerosol mass (mg/m3) accumulated on all
stages, and (4) the change in frequency (Hz) and mass accumulated
(mg/m ) for -ach stage, was printed. Actual determinations of
MMAD and geometric standard deviation for each sample were
completed using a graphical procedure whereby the cumulative
normalized percentage of total mass detected was plotted for the
particle size range limit of each impactor stage as outlined b
Chuan (1986).

18
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e. Respiratory Gases -

Oxygen and C0z levels within the inhalation chamber were

measured during each exposure throughout Task 2. This involved
use of the Gastec Gas Detection System {Gastec Inc., Newark,
CA)--a standard industrial-hygiene-type analyzer tube and pump
system {see Appendix B). Oxygen and C0p were measured using
Gastec Analyzer Tubes +31 (% 0p) and 2LL (ppm C05),

respectively. Sampling was conducted immediately preceding, and
between 20 and 60 min following, ignition of the RP/BR or start
of the filtered-air exposure. A port located on the bottom-right
side of each inhalation chamber allowed for insertion of the
analyzer tube and the sampling of either aerosol or filtered air.
Upon completion of the sampling sequence, the tube was withdrawn,
the sampling port was sealed with the rubber cone-shaped plug, and
the farthest migration of dye was determined using the graduated
markings on the side of the analyzer tube. Actual percent 0o

and ppm CO2 were corrected for atmespheric pressure at 1646 m
(5400 ft) elevation based upon the following formula:

Corrected Analyzer Tube Value = Actual Tube Value x 760 mm Hg
628 mm Hg

f. Contaminant Gases

Determination of the amounts of C0, PH3 and CgH14 were

performed using identical procedures as those described for
respiratory gases. Gastec Analyzer Tubes 1LL {CO), 7L (PH3)

and 102L (CgHi14) were used (see Appendix B), Samples were

drawn immediately preceding, and within 20 to 60 min after,
ignition of RP/BR or start of the filtered-air exposure. The
pre-samples were collected to verify that no residual contaminants
were present prior to exposure, Data were again corrected for
atmosgheric pressure at 1646 m {5400 ft} elevation using the
formula:

Corrected Analyzer Tube Value = Actual Tube Value x /60 mmHg |
628 mmHg

g. Temperature/Humidity

In-chamber temperatures were monitored at successive 20-min
intervals throughout each exposure trial using a VWR Digital
Thermometer (Van Waters and Rogers, Denver, C0', The thermometer
was permanently mounted into a port at the top right-front side
of each chamber.

A special RH-recording port in the main air exhaust line exiting
the inhalation chambers permitted assessment of in-chamber RH
(see Figs. 2 and 3). A standard wet/dry buib thermometer was
inserted into the port for approximately 5 min before the end of
each RP/BR burn or filtered-air exposure, and the RH was then
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determined using standard charts corrected for barometric pressure
{U.S. Department of Commerce, 1965). -

4. RP/BR-aerosol and Filtered-air Exposure Conditions

Precise estimates of doses of RP/BR aerosol innaled by the animals
are, of course, impossible. Numerous unknown factors such as
respiration rates, ventilatory exchange volumes or ingestion via
grooming can affect dose delivery levels in whole-body exposure
studies. The accepted practice is to describe physical and chemical
properties of the atmospheric conditions present within the inhalation
chambers during each RP/BR-aerosol and filtered-air exposure.

a. RP/BR-aerosol Dosimetry

Figure 6 presents a tracing of the within-chamber opacity chart
obtained using the ORNL infrared sensor for a burn at an RP/BR
extrusion pump setting of 180 um with 250 1/min air flow. Note
that opacity follows a 3-phase pattern during the approximately
80-min exposure trial. The phases can best be described as: (1)
an approximately 10-20 min period of increasing RP/BR-aeroso)
concentration during which the chamber is filled with aerosol,
(2) an approximately 40-50 min period of relatively asymptotic,
maximal aerosol concentration, and (3) an approximately 20-min
period of decreasing aerosol concentration during which the RP/BR
product is extinguished and the chamber is vented of aerosol.

The total dose of aerosol inhaled hy each animal was affected by
tnis 3-phase RP/BR-aerosol concentration pattern. In Task 2,
aerosol collections for both gravimetric and H3P0q titration
analysis were obtained throughout this 80-min session; this
differed from Task 1 (Sterner et al., 1988), where filter samples
were collected for only 60 min. An estimate of the maximal,
steady-state concentration of each exposure was calculated using
a graphic analysis as indicated in Appendix G.

b. Available RP/BR-aeroscl and Air Quaiity Data

Results of Task 1 aeroscl uniformity tests showed that the
Modified RP/BR Extruder and Inhalation Chamber System provided
for the reliable exposure of animals to uniform concentrations
(i.e., <20% maximal heterogeneity) of RP/BR aerosol, with
satisfactory air quality present throughout all l-h exposures
{Sterner et al., 1988). Two limitations to aerosol acceptability
were: (1) Cage Site 12 (i.e., bottom, right-front side of
chamber; see Fig, 4) yielded a reduced RP/BR-aerosol concentra-
tion, and was to be excluded from use during Tasks 2 and 3 and
(2) high levels of CO (i.e., >35 ppm) were ohserved during burns
conducted at the 270 wm extrusior pump setting with a 250 1/min
air flow rate. Although this result was later used to set the
maximum extrusion rate at a pump setting of 180 um in Task 3,
settings as high as 293 um were used during range-finding studies

20




o

aal

~

i %
Highae: 10-20 min  40-50 min Asymptotic- . 20-min

S Chamber- Concentration Period v Chamber-

= fill 3 vent
9 Period £ Period

' %

o Lt

— 8

Relative Opacity of RP/BR Aerosol
Open Chamber Door

LOW urle=

Time (min)

Figure 6. Tracing of the ORNL infrared sensor recording for a representative
RP/BR burn at the 180 um extrusion pump setting and a 250 1/min
air flow rate. (Note.--This burn yielded a total aerosol mass value
of 252.7 mg or 3.16 mg/1 average RP/BR concentration for the 80-min
exposure; the plot of relative opacity demonstrates the chamber
concentration changes associated with the 80-min exposure session.)
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because these high C0 levels were unconfirmed at the start of -
Task 2.

Additionally, on 17-18 August 1987, staff of the Bio/Crganic
Analysis Section, Analytical Chemistry Division, CRNL, performed
an independent characterization study of the atmosphere produced
in the Modified RP/BR System (Moneyhun, Moody and Jenkins, 1988;
see Appendix C). This study was performed as part of our quality
assurance monitoring program, with the work authorized under
APHIS IAG 87-74-01. Results of this study were important because
of the timing of the work -- the ORNL checks were conducted
approximately midway through the current toxicity range-finding
studies (i.e., 29 June to 11 November 1987). Results of the ORNL
study confirmed the satisfactory nature of RP/BR aerosol produced
in the Modified RP/BR System, with practically all aerosol and
air quality data {i.e., except CgHi4 levels) confirming those
reported by Sterner et al. (1988) at equivalent extrusion and air
flow rates.

C. Toxicity Effects in Black-tailed Prairie Dogs
1. Procedures
a. Sub-study Treatment Assignment

A total of 72 out of 110 captured prairie dogs was used in the
toxicity range-finding study. The research further involved 2
sub-studies consisting of an initial range-finding study with 48
prairie dogs and an additional sub-study with 24 prairie dogs.

In the initial sub-study, 48 animals (24 of each sex) were
randomly selected from the 110 captured prairie dogs. Animals of
each sex were then rank-ordered by body weight. Three weight
classes were arbitrarily developed for each sex by assigning the
8 lowest weight prairie dogs to the "1ight" group, the next 8 to
the "medium" group, and the heaviest 8 to the "heavy" group.
Light weight males ranged from 733 to 911 g, medium weight males
ranged from 916 to 1019 g, and heavy weight males ranged from
1029 to 1189 g. For females, these respective weight ranges were
634-795 g, 803-891 g, and 917-1099 g. Next, 1 male and 1 female
prairie deg from each of the light, medium and heavy weight groups
(i.e., 3 males and 3 females) were randomly assigned to 1 of 8
treatment groups.

Due to the lack of observed RP/BR-smoke effects in this initial
sub-study, 4 additional groups were exposed for more sessions and
were examined 4 months later. In this second sub-study, 24
prairie dogs (12 of each sex) were randomiy selected from the 62
remaining animals. The same rank ordered weight procedure as
cited earlier was used to assign animals of each sex to light,
medium and heavy weight categories. The weight ranges of these
males were generally increased as compared to the initial
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sub-study (i.e., direct comparisons on this factor were
confounded)., We¥ght ranges of the males in the respective weight
categories were: 947-1116 g, 1170-1244 g and 1279-1516 g; weight
ranges for light, medium and heavy weight females were:

875-933 g, 1012-1054 g and 1071-1276 g, respectively. Again, 1
male and 1 female prairie dog were randomly selected from each
weight class {i.e., 3 males and 3 females) and were assigned to !
of 4 treatment groups. Treatments of RP/BR aerosol exposure
involved use of the Modified RP/BR Extruder and Inhalation System
(Fig. 2), and control treatments of filtered air involved use of
the Filtered-air Inhalation System !fig. 3).

Six of the 8 initial sub-study group- were to receive 1 or 2
successive daily exposures to RP/BR--erosol target concentrations
of 2.0, 4.0 and 6.0 mg/1 (i.e., extruder pump settings of 78, 180
and 293 um, respectively); whereas, the remaining 2 groups were
to receive 1 or 2 successive daily exposures to filtered air of
durations equal to the longest daily RP/BR-aerosol exposure of
the previous groups.

Two of the 4 second sub-study groups were designated to receive
either 3 or 4 successive daily exposures to RP/BR-aerosol target
concentrations of 6.0 mg/1 (i.e., extruder pump setting of 293
um), and 2 groups were designated to receive 4 successive daily
exposures to filtered air of durations equal to the Tongest daily
exposures of the above RP/BR-smoke-exposed groups. One of the
filtered-air groups was given "regular handling" with respiration
checks at rest and post exercise, and the other group was given
"minimal handling" in checks for respiratory congestion. This
second filtered-air group served as a control for any possible
organ pathology induced by repeated animal restraint.

b. Assessment Paradigm

Within each sub-study, toxicity assessments adherad to a standard
paradigm. That is, each sub-study was from 38 to 41 days in
length, with differences in length due to certain groups receiving
between 1 and 4 exposure days. The paradigm consisted of a 7-day
Pre-exposure Phase (Baseline), a 1- to 4-day Exposure Phase, and
a 28-day Post-exposure Phase. Three sets of toxicity-assessment
variables were measured at specific times within these Phases:
Symptomatology/Mortality, Gross Necropsy and Histology.
Specifically, mortality was assessed daily throughout ea*h Phase.
Symptomatology was measured daily during the Pre-exposure and
Exposure Phase, and on Days 1-7 {Post 1) along with Days 10, 13,
16, 19, 22, 25 and 28 (Post 2) of the Post-exposure Phase. All
animals were euthanized via i.p. injection of sodium pentebarbitol
31 days after their last exposure, with the gross necropsy
examinations of 10 organs conducted immediately after death, and
tissue sections of 7 of the organs were taken for later
histolcgical examination by APHIS pathologists /NVSL, Ames, IA).
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¢. Symptomatology/Mortality

Table 2 presents a list of the 8 symptomatology/mortality
categories, plus respective operational definitions or procedures
used to evaluate RP/BR-smoke effects during the 2 toxicity range-
finding sub-studies. Note that the 1ist is classified according
to 5 qualitative measures (i.e., body posture, respiratory
congestion, coat condition, aggression and vocalization} and 3
quantitative measures {i.e., water consumption, body weight and
mortality).

As mentioned, mortaiity was determined daily throughout the
course of each sub-study during an initial check of each animal's
cage by an investigator. This was conducted between 0800 and
0900 h MST, immediately prior to the symptomatology examinations.

Symptomatology assessments were performed on animals in each group
throughout the Pre-exposure, Exposure and Post-exposure Phases.
The typical symptom examination required 3 to 5 min per animal.
Each examination invelved the following sequence of events: (a)
a visual determination of body posture and coat condition while
the prairie dog was in the home cage, (b} removal of the animal
from the home cage and determination of respiratory congestion
(rest) and aggression, (c) placement of the animal into a large,
ventilated, pre-tarred metal container and measurement of body
weight, (d) placement of the prairie dog into a motorized
stainless steel activity wheel (30 cm/sec rotation speed) for 60
sec, with the animal prodded to run by hand, (e removal of the
prairie dog from the wheel with an immediate determination of
post-exercise respiratory congestion and aggression, and (f)
placement of the prairie dog back into the home cage, with a
subsequent determination of post-exercise body posture. Water
consumption was measured for all animals simultaneously at the
end of the symptom examinations for all groups.

To evaluate consistency of symptomatology s:ores, 18 prairie dogs
were independently rated on the same day during the Pre-exposure
Phase by 3 different investigators. Inter-observer reliability
was later assessed by calculating the percentage of agreement
among the ratings for each symptom category.

d. Gross Necropsy

On Day 31 post exposure, all 48 animals were euthanized with
Beuthanasia-D Special solution !sodium pentobarbitol; Schering
Corp., Kenilworth, NJ) injected i.p. Post-mortem necropsy
examinations included assessments of the following organs by
APHIS Veterinary Services personnel: nasal passages, trachea,
larynx, epiglottis, bronchi, lungs, heart, liver, spleen ana
kidneys {see Appendix D - Standard Gross Hecropsy Form).
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e. Histological Examinations

Sections of the nasal passages, bronchi, lungs and liver, plus
the entire trachea, larynx and epiglottis from each animal were
preserved jointly in a specimen jar containing 10 percent
formalin solution. Jars were numbered consecutively, and the
respective jar number and animal number was logged cnto a record
sheet. The sample jars were then shipped to the NVSL, APHIS-VS,
Ames, IA, for histological evaluation. Tissue specimens were
prepared and examined for pathological signs according to
standardized procedures used by staff of the Pathobiclogy
Laboratory, Parasitoiogy and Clinical Pathology Section, NVSL
(see Appendix E).

The identities of the "filtered-air controi specimens® were
provided to NVSL Pathologists; these samples were then examined
and they formed the basis for judging cellular and tissue
abnormalitiss. After all tissue specimens had been examined, the
group assigment of each animal was also given te the HYSL
pathologists. This information was provided to enhance their
detection of potential pathology and to aid in their reporting of
clinical results.

f. Designs and Data Analyses

Symptomatology, mortality, gross necropsy and histopathology data

were evaluated using both descriptive and inferential statistical

methods. Regarding symptomatclogy, pre-exposure data servad as a

basis for comparison of frequency counts of treatment-induced

symptoms. For the other measures, data from the filtered-air

groups served as the basis of comparison for effects in RP/BR-

aerosol groups. Tabular and graphical descriptions of the -
frequencies of positive symptoms observed for each group wers

prepared to illustrate specific changes in thase measures {2.q.,

congested respiration, lost vocalization) among groups and phases.

Daily water consumption and body weight data were each analyzed
for post-exposure effects using a 4-factor design invelving a 4
(Concentrations) x 2 (Exposures) x 2 (Sexes} x 15 (Sessions)
anaiysis of variance (ANOVA), with Sessions treated as a repeated
measures factor (Winer, 1971). Data for the last daily sessicn
of the Pre-exposure Phase were compared with data vor 14 sessions
of the Post-exposure Phase.

A second pair of ANOVAs was used to determine whether a greater
number of repeated daily exposures {1, 2 or 4) per se would lead
to greater reductions of body weight and changes in water
consumgtion in the RP/BR-aerosol groups as comparad to the
filtered- air (control) groups. This was also a 4-factor repeated
measures design that involved the following: 2 (0.0 and 6.0 mg/1
Concentrations) x 3 (1, 2 or 4 Exposures) x 2 (Sexes) x 15
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(Sessions), with Sessicns treated as a repeated reasures factoer
(Winer, 1971).

A1l ANOVAs were computed using the PRCGC GLM Program of the SAS
package of programs (SAS Institute, Inc., 1985) and Type IIl sums
of squares to determine effects. Effects were tested at the 0.05
level of significance. Where significant effects were found,
post hoc Duncan Multiple Range Tests were used for pair-wise
comparison of all means (Waller and Duncan, 1969).

The gross necrcpsy and histological data for prairie dogs were
treated descriptively. That is, percentages of specimens that
shoved various types of clinical pathologies were computed for
RP/BR-exposure groups and for the filtered-air groups (see
Appendix E).

Results and Discussion
a. Aerosol and Filtered-air Measurements

Table 3 presents medians and ranges of the aerosol and air
quality variables used toc characterize chamber conditions in
range-finding studies with prairie dogs. The first 8 columns
contain statistics for the 8 RP/BR groups; these groups were
exposed to aerosol produced at the 78, 180 and 293 m extrusion
pump settings (i.e., 2.0, 4.0 and 6.0 mg/1 target concentrations,
respectively) over 1 to 4 successive daily sessions. The last 4
columns present statistics for the 4 filtered-air (control)
groups; these groups received 1, 2 or 4 successive filtered-air
exposures equal in duration to the longest RP/BR aerosol exposure
for each respective day. :

Table 3 reveals that total aerosol mass and H3P04 for the 8
RP/BR-aerosol groups was of acceptable uniformity. Median
aerosol mass values varies <19 percent in multiple exposure
sessions across burns conducted at respective extrusicn pump
settings. Calculated steady-state aerosol concentrations were
found to be very close to the target concentration values. The
H3P04 titration data are essentially similar to those for
aerosol mass. As expected, H3P04 depositions are

consistently two-thirds to three-fourths those of the total
aerosol mess--results in agreement with prior research (Sterrer
et al., 1988; Moneyhun et al., 1988).

The particle size data clIsc reprasent an important aspect of
RP/BR-aerosol quality. A1l MMAD measurements show excelient
agreement with those observed in other studies (Sterner et al.,
1988; Moneyhun et al., 1988), and all values are <1.0 um--values
easily within the respirabie range (Phalen, 1984).
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The respiratory gases are also within acceptable limits. The 0p
values vary between 16 and 22 percent; whereas, the CO» values
vary between lows of 605 ppm for certain of the filtered-air
groups and highs of 968 and 1,089 ppm for the RP/BR-aercsol
groups.

For the contaminant gases of CO, PH3 and CgHi4, a mixed
pattern of results were obtained. First, PH3 was rarely
detected in the chamber atmosphere during the RP/BR aerosol
exposures. Only traces of this contaminant occurred. Second,
median CO values varied between 8 and 30 ppm for specific
groups. Third, relatively high median values of CgHig were
obtained for burns conducted at the 293 um extrusion pump
setting. Median CgHy4 detections ranged hetween 7 and 67 ppm
for exposures at this high RP/BR extrusion setting, with some
extreme readings of 121 ppm observed., The 1-h Short-term
Threshold Limit Value for this contaminant is 50 ppm (National
Research Council, 1977). We were unable to account for the cause
of these high 65H14 readings; however, it should be noted
that Moneyhun et al. {1988} found sizeable differences for
CeHi4 as measured by industrial-hygiene-type tubes versus gas
chromatography/mass spectrophotometry (GC/MS). The GC/MS
estimates for exposures at the 293 um extrusion pump setting
equaled about 5 ppm CgHi4 !see Moneyhun et al., 1988;
Appendix C). No CgHyig contaminant was detected in exposure
atmospheres at the 78 or 180 um extrusion pump settings.

Finally, the exposure duration and chamber conditions were
acceptable (see Table 3). Median Yengths of exposures varied
between 75 and 86 min, with slight differences caused by extra
time needed to vent the chamber during some RP/BR burns,
Within-chamber temperatures were always between 19 and 250 C

for eithar RP/BR-aerosol or filtered-air exposures. Relative
humidity varied within the acceptable limits of 46 to 67 percent
for either chamber during all exposure treatments.

b. Mortality and Symptomatology

Mortality.~-For the RP/BR aerosol target concentration range of
0.0 tc 6.0 mg/1 and for up to 4 successive daily 80-min exposures,
no deaths occurred in any of the 72 prairie dogs. At the 250
1/min air flow rate maintained in the RP/BR aerosol chamber, the
extrusion pump setting of 293 um produced close to the maximum
RP/BR-aerosol chamber concentration that could be achieved with
the ORNL extruder. These levels probably exceeded field exposure
concentrations and gave a strong indication that prairie dogs can
readily survive high aerosol concentrations in multiple exposures
normally lethal to laboratory rats.

Symptomatology.--Inter-observer re11ab111ty was assessed for 3
investigators {i.c., BEJ, RTS and SAS) each scoring the symptoms
shown by 18 animals dur1ng the Pre-exposure Phase. Overall, the
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reliability of reported symptoms by the investigators was viewed
as sufficient to detect any overt clinical changes in the
condition of the prairie dogs. Independent ratings of the '8
prairie dogs showed 100 percent agreement for the following
symptom categories: body posture (resting and post exercise},
respiratory congestion {resting and post exercise) and coat
condition (groomed versus ungroomed). There was 94.5 percent
agreement for the categories of normal vocalizations and affected
vocalizations. The poorest agreement among investigators was for
the number of animals that attempted any vocalization (87.5
percent agreement) and for those that displayed aggressive
responses (81,3 percent agreement).

Symptomatology data from the 2 sub-studies have been combined and
are summarized in terms of total positive symptom counts over 3,
7-day periods: Pre-exposure--the 7 days prior to RP/BR-aerosol
or filtered-air exposure; pest-expsoure 1--the first 7 days after
the last RP/BR-aerosol or filtered-air exposure and Post-expesure
2--a second period with data taken for 7 sessions on Days 10, 13,
16, 19, 22, 25 and 28. The total symptom counts reflect the
number of prairie dogs within each group showing a given symptom
in each 7-session period. That is, regardless of how many times
an animal showed a symptom on a given day, a single rating was
made for that symptom. These counts have a theoretical range of
0 to 42 (i.e., the number of positive ratings for each of 6
prairie dogs on each of 7 days). Symptom counts of 1 to 4 thus
indicate fairly low rating frequencies {<10 percent). The
occurrence of some positive symptoms in the Pre-exposure Period
also limited the interpretations of RP/BR-aerssol effects.

In general, the incidence of symptoms in each category was quite
Tow for all 12 of the prairie dog groups. Data for the symptom
measures, other than body weight and water consumption, are shown
in Figures 7, 8 and 9 (see Appendix F for actual frequency
counts). Two main symptom effects are evident in these figures:
vecalization and respiratory congestion.

Vocalizations generally decreased in frequency for all groups over
the Pre-exposure, Post-exposure 1 and Post-exposure 2 Periods.
Lost or affected vocalization was a main symptom associated with
the 6.0 mg/1 target concentration RP/BR aerosol groups. The most
severely affected animals were those that received 4 daily
exposures at this concentration. When vocalizations were observed
for this group, essentially half of the vocalization counts
(11:22) were in symptom categories of affected or lost during the
Post-exposure 1 Peried (see Fig. 9).

Respiratory congestion increased in incidence, particularly post
exercise, This effe~t was again only evident in the 6.0 mg/1
target concentration yroups, especially those groups given 3 or 4
inhalation exposures at this Tevel (see Fig. 9).
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filtered air (0.0 mg/1).
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ATl other post-exposure symptom frequencies were either not
substantially changed from the Pre-exposure Period or were at low
levels when compared to filtered-air ‘0.0 mg/l-control) group
frequencies.

Body weight effects.--The body weight data were analyzed for
RP/BR aerosnl exposure effects using 2 ANOVA designs. Both
ANCVAs compared body weights on the last Pre-exposure Day (Day 0)
with 14 Post-exposure Sessions {i.e., Days 1-7, 10, 13, 16, 19,
22, 25 and 28). The initial analysis only dealt with the 48
prairie dogs (8 groups) given 1 or 2 exposures to RP/BR aerosol
target concentrations of 0.0, 2.0, 4.0 or 6.0 mg/1. As stated,
this design was a 4 (Concentration) x 2 (Sex) x 2 (Exposure) x 15
(Session) factorial, with Sessions treated as a repeated measures
factor Winer, 1971},

Three significant effects were obtained in this ANOVA: Expcsure
x Session (F = 1.69, df = 14/448, P < 0.054), Sex (F = 7.09, df =
1/32, P < 0.012) and Session (F = 99,48, df = 14/448, P < 0.0001).

Results of post hoc Duncan Multiple Range Tests (Waller and
Duncan, 1979) among Exposure x Session means indicated that both
the 1- and 2-Exposure Groups were significantly different (P <
0.05) on the last Pre-exposure Day with the 2-Exposure Group 2.7%
heavier, and that this difference remained through Day 10 of
Post-exposure. On Days 13, 19, 25 and 28, however, these 2 groups
were not significantly different in weight. The 2-Exposure Group
was only 1.2% heavier on Day 2Z8. The general trend suggests that
prairie dogs in the 1-Exposure Group gained body weight slightly
faster than animals in the 2-Exposure Groups after Day 10
Post-exposure. Although animals that received 1 or 2 exposures
generally showed a brief pause in weight gain for 1 to 2 days
post RP/BR-aerosol or filtered-air exposure, no strong long-
lasting body weight suppression effect was evident in these data.

Main effects for Sex and Sessions were expected in this ANOVA.
Mean male body weights were 11.2 percent greater than mean female
weights [1076.3 g vs 955.7 g, respectively). The Session effect
was not analyzed with post hoc Duncan's Tests; however, the
genaral trend was for the combined 48 animals to gain approxi-
mately 4.5 g per day throughout the 14 session Post-exposure
Period. The mean weight of the 48 animals rose from 963.9 g on
Pre-exposure Day to 1090.9 g on the last Post-exposure Day--a
13.6 percent increase across Sessions.

A second ANOVA design was applied to data sets from the 2 sub-
studies. It involved body weight data from 36 prairie dogs {6
groups) that were given either 1, 2 or 4 RP/BR aerosol exposures
at the 6.0 mg/1 target concentration or 1, 2 or 4 filtered-air
exposures at the 0.0 mg/1 target concentration. The complete
factorial design included the factors of 2 (Concentration) x 2
(Sex) x 3 (Exposure) x 15 (Session), with Session treated as a
repeated measures factor,
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Results of this ANOVA yielded 3 significant main effects:

Exposure (F = 5,39, df = 2/30, P < 0.01), Sex /F = 10,02, ¢f =
1/30, P < 0.003) and Session (F = 62.79, df = 14/420, P < 0.0001).
None of the interaction terms were significant.

Each of the main effects was somewhat expected. The Exposure
effect was an artifact attributed to the 4-Exposure Groups being
significantly heavier than the 1- and 2-Exposure Groups at the
start of the study. Body weight means for the 1-, 2- and
4-Exposure Groups were 996.2 g, 1062.5 g and 1182.0 g,
respectively. The animals in the 4-Exposure (RP/BR aerosol and
filtered-air) Groups had been housed in the DWRC quarantine
building for approximately 4 months longer than the earlier
studied animals.

The Sex effect again confirmed that the male prairie dogs
consistently weighed more than the females throughout the study
(i.e., means of 1170.9 g vs 1018.7 g, respectively).

The Session main effect was analyzed using Duncan's Multiple
Range Tests, and several patterns were indicated. There was a
slight pause in body weight gain for 1 day post exposure, and the
mean weight on Day 1 Post-exposure was not significantly
different from Day 7 of Pre-exposure., Between Day 1 and Day 2
Post-exposure, there was a significant (P < 0,05) and rapid
increase in body weight that could have indicated recovery from
RP/BR~aerosol and/or filtered-air exposure effects. Thereafter
on Day 2 through Day 28 Post-exposure, there was a linear gain in
mean body weight for all animals. On each successive 3- to 6-day
interval during this Post-exposure Period, mean body weight was
significantly ?P < 0.95) increased.

In summary, both ANOVA designs indicated that neither RP/BR- -
aerosol target concentrations over the range of 2.0 to 6.0 mg/?
nor 1 to 4 successive 80-min exposures had significant and
sustained effects on prairie dog body weights over 28 days of
post exposure. The only indication that repeated RP/BR aerosol
exposures may have affected body weight was in the initial ANOVA,
as detected by the significant Exposure x Session interaction
term. Still, differences in body weight between the 1- and
2-exposure groups across sessions were very slight--2,7 percent
on Day 7 Pre-exposure reduced to 1.2 percent on Day 28
Post-exposure. Biologically, these changes are probably
inconsequential.,

Water consumption effects.--Water consumption data were analyzed
using ANOVAs that were essentially similar to those described for
the body weight data sets. The first analysis involved the 48
prairie dogs (8 groups) given 1 versus 2 exposures at RP/BR-
aerosol or filtered-air target concentrations of 0.0, 2.0, 4.0 or
6.0 mg/1. Factors included in this design were: 4 (Concentration)
x 2 (Sex) x 2 (Exposure) x 15 (Session), with the Session variable
treated as a repeated measures factor (Winer, 1971),
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Five significant effects were found: Concentration x &xposure x
Session [F = 2,09, df = 42/444, P < 0,0001), Concentrationx
Session (F = 2,26, df = 42/444, P < 0.0001), Exposure x Session
(F = 2.41, df = 14/444, P < 0.0029), Sex x Session (F = 2.18, df
= 14/444, P < 0.0079) and Session (F = 7.64, df = 14/444, P <
0.0001),

In an attempt to analyze the Concentration x Exposure x Session
interaction effect, 3 component 2-way interaction graphs were
plotted as shown in Figure 10. These graphs indicate the
Concentration x Session effect, the Exposure x Session effect and
the Concentration x Exposure effect.

As indicated in Figure 10, the Concentration x Session effect (P
< 0.0001) shows 2 main trends. First, the 6.0 mg/1 RP/BR-

aerosol group drank approximately 21 percent more than the

0.0 mg/1 filtered-air (control) group on Days 10 through 28
Post-exposure. Second, the 2.0 and 4.0 mg/1 RP/BR aerosol groups
drank approximately 33 percent less than the 0.0 mg/1 filtered-air
(control) group animals on Days 22 through 28 Post-exposure.

Thus, RP/BR-smoke inhalation appears to produce divergent water
consumption behavior depending upon the aerosol concentration.

The Exposure x Session effect (P < 0.0029) also indicated 2 main

trends. First, the 1-Exposure Group animals drank less than their
pre-exposure level for up to 7 days post exposure, but the

2-Exposure Group animals were suppressed in drinking for only 3

days post =xposure. Second, although the 1-Exposure Group dis- !
played consistentiy lower water consumption through Day 25, the

1- and 2-Exposure Groups reversed consumption levels on Day 28.

Finally, the Concentration x Expcsure effect (P < 0.22;
non-significant) indicated that for both 0.0 and 4.0 mg/1 groups,
the 2-txposure Group animals drank nore than the 1-Exposure Group
animals. The reverse occurred for the 2.0 and 6.0 mg/1 Groups--
the 2-Exposure Groups drank less than the 1-Exposure Groups.

This effect is probably nonspecific to the treatments. Rather,
extreme variability in water consumption levels for these means
over 15 sessions negated significant differences.

Thus, the 3-way (Concentration x Exposure x Session) term appears
to reflect mainiy the operation of 2, 2-way interactions:
Concentration x Session and Exposure x Session. The major
component of this complex interaction is attributed to late post
exposure effects from the 3 RP/BR-aerosol concentrations. RP/BR-
aerosol did not generally suppress water consumption over the
28-day Post-exposure Period. Instead, one of the clearest results
was a 21 percent increase in water consumption by the 5.0 mg/1
Exposed Group late in the Post-exposure Period. Multiple
exposures of prairie dogs to RP/BR-aercsol concentrations of 6.C
mg/1 produced elevated water intake between 10-28 days following
inhalation. Whether this could be explained by water loss through

38



2801 ”
2204 br‘-“.o'
\\'.“' L
2094 APt
«® hal ﬂ‘;
180 4 ey T PR D
- 7“‘*3-:1‘4.%’ P
160 e g ot
"-.,.. "
NO'J ’I .)\n,..? 0 n’/,
P . 'u....
'd '\' »
1204 "p‘"
. -
100 o
89-{ CONCERTRATION x TXPOSURE
d
)
. 2
EXPOSURES

R,

2254

200+

2 Uxposure

189-]

o
1 Exposuyre = SN
-,,,..“.”.uuuuu e,

»,
.

’

J
160+ K
.0

R
140+
“ &
120§ 3. j
L)
v

MEAN WATER CONSUMPTION (g)

t""‘
1004 S
50 TXPOSURE x SESSION
4
RN Bt B ) k] ] ¥ U L) T L)
0 7 0 13 % 19 2 B 28
DAYS POST EXPOSURE
201 e LT
220
FiYs
2004 PR RV
U4
0. -~ ,
180 - Louar,
s AT
160 tm il _,,mn‘
Q‘.
140 v,
".
120 4 *
100 o
. CONCEKTRATION x SCSSION
4

1L B S B ) ) " 3 )
0

7 10 13 !6 1] 22 25 28
DAYS POST EXPOSURE

Figure 10. Upper panel. Mean water consumption levels of prairie dog groups
exposed to 0.0, 2.0, 4.0 or 6.0 mg/1 target concentrations of RP/BR
aerosol for 1 vs. 2, 80-min exposure sessions. Data for all
sessions have been pooled.

Middie panel. Mean water consumption levels of prairie dog groups
that received 1 vs, 2, 80-min exposures. The 3.0 and 6.0 mg/1
target concentration data have been pooled.

Bottom panel. Mean water consumption levels of prairie dog groups

that received 0.0, 2.0, 4.0 or 6.0 mg/1 target concentrations of
RP/BR aercsol., The 1- and 2-exposure data have been panled.
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pulmonary edema, elevated hody temperature, hyperactivity or other
factors could not be determined, but these variables would be
likely candidates for evaluation in future studies.

Another significant interaction effect, which was independent of
the above described 3-way term, was the Sex x Session effect.
Duncan's Multiple Range Tesi on these means revealed that male
and female prairie dogs were not significantly different on the
Yast Pre-exposure day {Day 0) and throughout most of the Post-
exposure Period (Days 1-19}. On Days 22 and 28, however, the
males drank significantly more than did the females. Males showed
approximately 25 percent more water intake than did the females
during the last week of post exposure. One interpretation of
this effect is that males were more debilitated by RP/BR-aerosol
exposure and developed ecdema; whereas, females were less affected
and showed enhanceda recovery from RP/BR-aerosol exposure. Of
course, without additional functional studies of the sex
difference, these data trends also remain unexplained.

Taken together, the significant effects in this ANOVA indicate
several trends. The 6.0 my/) exposure groups drank much greater
amounts of water late in the Post-exposure Period. The 2.0 mg/1
and the 4.0 mg/1 exposure groups drank less than did control
group (0.0 mg/1) animals after Day 19 of post exposure. Males
tended to drink more water late in the Post-exposure Period, and
females reduced their water intake during this same period.

A second 4-factor ANOVA was run on the combined data set for
groups given 1, 2 or 4 RP/BR aerosol exposures at either the 0.0
mg/1 [filtered-air) or at 6.0 mg/1 (RP/BR aerosol) target
concentration levels. The design involved the following factors:
2 (Concentration) x 2 (Sex) x 3 (Exposure) x 15 (Session), with
Session treated as a repeated measures factor.

Three significant terms were found: Exposure x Session (F = 2,70,
df = 28/417, P < 0.0001), Concentration x Session (F = 4.25, df =
14/417{ P < 0.C001), and Session (F = 8.03, df = 14/417, P <
0.0001).

The Exposure x Sessions effect, when further analyzed graphically
along with Duncan's Tests, indicated a general trend toward more
suppression of water intake in the 4-Exposure Group {compared to
the 1- and 2-Exposure Groups) late in the Post-exposure Period.
For Days 10-28, 6 of 7 of the means for the 4-Exposure Group were
lower than were the means of ejther the 1- or 2-Exposure Groups
(or both Groups). The degree of initial suppression of drinking
immediately after exposure (i.e., Day 1) could not be assessed
due to a significant (P < 0.05) difference between the 2-

versus 4-Exposure Groups on the pre-exposure day ’i.e., Day 0).

The Concentration x Session term gave a clear confirmation again
thav there was significantly less water consumption by the 6.0
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mg/1 RP/BR-aerosol-exposed Group animals initially after exposure,
and then significantly more water was consumed (compared to the
0.0 mg/1 Filtered-air-exposed Group animals' late in the
Post-exposure Period.

Figure 11 shows this Concentration x Session interaction effect.
As depicted, the 2 groups do not differ statistically on the
pre-axposure day (Day 0). Immediately after exposure, however,
the 6.0 mg/1 Groups showed an initial drop (approximately 37
percent; P < 0,05, and then they rapidly increased their water
intake to normal levels through Day 7 Post-exposure. On Day 10,
and on Days 19-23, however, the 6.0 mg/1 Group animals drank
significantly more water {approximately 31 percent; P < 0,05}
than did the 0.0 mg/1 Filtered-air Group. This increased water
intake by the 6.0 mg/1 Group was also in close agreement with the
results of the first ANOVA (partially on the same data set) where
4 target concentrations (0.0, 2.0, 4.0 and 6.0 mg/1) were compared
at 1- versus 2-exposures,

c. MNecropsies

Post mortem examinations were performed on a total of 72 animals
30 days after the last RP/BR-aerosol or filtered-air exposures.
Veterinarians performing the necropsies were only told which
animals had received filtered-air exposures. Practice in
identifying the appearance of normal organs and tissues was
thought to be the best course of action to enhance the
veterinarians' familiarizatiorn with gross necropsy of this
species. Observed incidence of abnormalities in the 10 organs
examined by RP/BR-aerosol or Filtered-air Group are listed in
Table 4 along with a coded description of specific pathology.
The causes of many observed conditions, particularly for lung
hemorrhages, darkened/enlarged/congested livers and abnormal
coloration of the spleens, are currently unexplained. These
abnormalities occurred in both the filtered-air-exposed animals
as well as in the RP/BR aerosol-exposed animals. The only
indication of some pathology possibly being due to the RP/BR
aerosol treatments was an increase in the incidence c¢f more
severe congastion observed in the ilungs of the 6.0 mg/1 Groups.
This increased incidence was, however, quite small when the 24
filtered-air exposed animals were compared to the 24 animals
previously exposed to 6.0 mg/1 RP/BR aercosol {i.e., 12.5 percent
versus 20.8 percent, respectively).

Thus, the necropsy examinations yielded no strong consistent
pattern. This lack of pathological effects was consistent with
the findings of Aranyi (1983b). Burton et al. (1932) di4 report
laryngeal and epiglottal injuries in albino rats, but much higher
concentrations of RP/BR aerosol were achieved during their
exposure periods.
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Figure 11, Mean water consumption by prairie dogs as a function of time after
exposure for the 0.0 vs. 6.0 mg/1 RP/BR smoke exposure levels,
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d. Histopathology

Table 5 summarizes the histopathology observed for lung, liver,
trachea, Tarynx and nasal turbinates specimens of the 72 prairie
dogs assigned to the RP/BR-aerosol and Filtered-air Groups.
Appendix D contains copies of the NVSL Reports from which this
table was derived.

Histological examinations of the prairie dog organ tissues
yielded a mixed, equivocal pattern of results., The lack of
standard histology slides for this species, coupled with the
pathologists' admitted unfamiliarity with potential injury caused
by inhalation of acid aerosols, contributed to these results.

To compare overall differences between RP/BR-aerosol and filtered-
air conditions, we pooled the frequencies of certain descriptors
for specimens in the 8 RP/BR-aerosol and 4 Filtered-air Groups.

A number of histopathological descriptors (see Table 5) yielded
roughly equivalent percentages of occurrence between animals in
these pooled groups. This suggested that much of the observed
histopathology was non-specific to RP/BR-aerosol exposure.

The percentage incidence of "interstitial pneumonia" (IP) for
lung tissue was 15 versus 13 for RP/BR and for filtered-air
animals, respectively. This finding indicates that IP is
raturally present in about 10 to 15 percent of prairie dogs, and
that RP/BR aerosol caused no increased incidence, per se,

For liver specimens, incidences of "mild, moderate, or severe,
diffuse hepatocellular swelling and degeneration with cholestasis"
(MC, C or SC) were 98 and 88 percent for RP/BR-aercsol and
filtered-air animals, respectively. “"Minimal to mild, multifocal,
hepatocyte necrosis" (MU or U) was found in 10 versus 4 percent,
respectively, of animals in these conditions. A wide disparity
in certain histological lesions of iiver tissues was also
reported, but these were non-specific to RP/BR-aerosol exposure.

The percentage of "mild or moderate multifocal, epitheliail
ulcerations and necrosis" (MU or U} for trachial specimens was 58
versus 54 between these same pools of prairie dogs. Again, these
results are indicative of no difference in the histopathology of
trachial tissues as a result of RP/BR aercsol inhalation.

The percentage incidence of "mild, moderate or severe multifocal
hemerrhage and necrosis" (MH, H or SH) in lung tissues was 87.5
versus 62.5 bhetween "pooled" RP/BR- and filtered-air spscimens,
respectively. Additionally, severe hemorrhage (SH) occurred in

23 percent of lung tissues for RP/BR-aerosol animals as compared
to 8 percent of lung samples from control animals. Although these
differences are noteworthy, there is still no clear evidence that
any of these hemorrhages resulted from RP/BR-aerosol exposure.
Small exertive movements or the position of prairie dogs
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In short, MH, H or SH cateqgories are again non-specific for RP/BR-
aerosol exposure. This concurs with previous studies that have
rarely reported lung changes due to RP/BR in rats (Aranyi, 1985b;
Burton et al., 1982).

As stated in the actual Laboratory Report (see Appendix D), "a
unique Tesion was the presence of intracytoplasmic inclusions,
within ganglionic cells of the larynx, associated with
ganglioneuritis in several animals."” Although these inclusions
suggest a viral infection, electron microscopic examination of
the specimens revealed no viral particles. Additionally, the
incidence pattern of "intracytoplasmic inclusion bodies in
ganglion cells" /18) were evenly distributed between RP/BR and
control animals (i.e., 64% versus 79%, respectively). Stiil,
NVSL pathologists considered this a specific lesion for this
study--an observation worthy of detailed attention in any future
research,

D. Toxicity Effects in Rock Doves

Procedures
a. Treatment Assignment

Forty-eight rock doves {24 of each sex) were randomly selected
from the group of 122 captured doves. A cloacal examination
procedure previously described by Miller and Wagner (1955) was
used for determining the sex of each dove. Further verification
of sex was based upon gross necropsy at the end of the study.

Body weight ranges of 8 groups, each composed of 3 males and 3
females, were approximately matched by pre-assignment ranking of
body weights. This first involved rank-ordering the 24 rock
doves of each sex by body weight. Three weight classes were
arhitrarily developed for each sex by assigning the 8 Towest
weight rock doves to the "light" group, the next 8 to the
"medium" group, and the heaviest to the "heavy" group. Light
weight males ranged from 270 to 329 g, medium weight males ranged
from 333 to 352 g, and heavy weight males ranged from 352 to

389 g. For females, these respective ranges were 277 to 307 g,
313 to 334 g, and 335 to 363 g. Next, 1 male and 1 female rock
dove from each of the light, medium and heavy weight groups
'i.e., 3 males and 3 females) were randomly assigned to 1 of 8
treatment groups.

Six of the 8 groups were to receive either 1, 2 or 3 successive
daily exposures to RP/BR-aerosol target concentrations of 3.0 and
6.0 mg/ (i.e, extruder pump settings of 133 and 293 um). The
remaining 2 groups were to receive 3 successive daily exposures
to either RP/BR aerosol at the 6.0 mg/1 target concentration or
to filtered-air at the 0.0 mg/} target concentration.
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A1l exposure sessions were approximately 80 min with minor time
“differences due to venting of the inhalation chamber. Durations
of the 4 filtered-air exposure sessions were matched to the
4~exposure, 6.0 mg/1 target concentration group session times.

b. Assessment Paradigm

The rock dove paradigm was comprised of essentially the same
sequence of phases as described in the prairie dog sub-studies.
A 7-day Pre-exposure (Baseline) Phase was followed by a 1- to
4-day Exposure and a 2s-day Post-exposure Phase. Again, 3 sets
of toxicity-assessment variables were measured at specific times
within the 3 phases: Symptomatology/Mortality, Gross Necropsy
and Histology. Specifically, mortality was continually assessed
daily throughout all phases. Symptomatology was measured daily
during Pre-exposure and Exposure Phases, and then on Days 1-7
(Post 1) and on Days 10, 13, 16, 19, 22, 25 and 28 (Post 2) of
the Post-exposure Phase., All rock doves were then euthanized via
i.p. injection of sodium pentobarbital 31 days post-exposure.
Gross necropsy examinations of 10 organs were conducted
immediately post mortem, and sections of 7 of the organs were
taken for later histological examinations.

c. Symptomatology/Mortality

A 1ist of 8 symptomatology/mortality categories and their
respective operational definitions or procedures for evaluation
of RP/BR-aerosol effects in rock doves is shown in Table 6.
Qualitative measures were taken for the categories of: body
posture, respiratory congestion, plumage condition, aggression,
and vocalization. Quantitative measures were taken for the
categories of: water consumption, body weight and mertality.

Mortality was determined daily throughout all phases of the
range-finding study. An investigator checked each rock dove
daily between 0800 and 0900 h MST, pricr to symptomatology
examinations,

Symptomatoloqgy measures were taken on the individual rock doves
in each group on the Pre-exposure, Exposure and Post-exposure
(Post 1 and Post 2) Phases. Symptom examinations required 4 to 6
min per animal and consisted of the following sequence of events:
(a) a visual inspection and determination of body posture and
plumage condition with each rock dove in the home cage, (b)
removal of the dove from the home cage and determination of an
aggression vating and a respiratory congestion rating {rest),

{c) placement of the rock dove into a large, ventilated metal
container and measurement of body weight, (d) placement of the
dove on a perch in the flight cage and inducement of 6 flight
crossings of the Tength of this cage, (e) removal of the dove
from the flight cage with an immediate determination of post-
exercise respiratory congestion and aggression, and {f) placement
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of tne dove back into its home cace, with a determination of
post-exercise body posture effects. Water consumption levels
were measured for all groups at the end of the symptom evaluaticn
period.

d. Gross Hecropsy

On Day 31 post exposure, all doves were euthanized with
Beuthanasia-D Special solution (sodium pentobarbital) injected
i.p. for post mortem analyses. The gross necrcpsy procedures
essentially paralleled those described for the prairie dog tests.
The following organs were systematically examined: nasal
passages, trachea, larynx, epiglottis, bronchi, lungs, heart,
liver, kidneys and spleen (see Appendix D - Standard Gross
Necropsy Form).

e. Histological Examinations

Procedures were essentially the same as those described for
prairie dogs--ideatities of specimens were not "blinded" from the
pathologists. Sections of the nasal turbinates, lungs and liver,
plus the entire trachea, larynx and epiglottis, from each rock
dove were preserved together in a specimen jar of 10 percent
formalin solution. Again, histological examinations were
performed by staff of the Pathobiology Laboratory, Parasitology
and Clinical Pathology Section, NVSL. A copy of the histology
report for rock doves is presented in Appendix E.

f. Designs and Data Analyses

Symptomatology, mortality, gross necropsy and histopathology data
were analyzed using descriptive statistics and graphical
illustrations. Pre-exposure baseline data were used for
comparing changes in frequencies of the abnormai (positive) -
symptoms. Symptomatology data were presented in tabular form to
indicate changes in the percentage of observations

for each measure that were positive, based upon all surviving
rock doves.

Water consumption and body weight data were analyzed using two
repeated measures ANOVAs (Winer, 1971). Data for the last daily
session of the Pre-exposure Phase were compared with the data for
14 daily sessions of the Post-exposure Phase. Due to the death
of some doves, the ANOVAs were computed using the General Linear
Hypothesis Model (GLM) of the SAS package of programs (SAS
Institute, Inc., 1985) and Type III sums of squares.

The first ANOVA was designed to determine whether a higher
concentration or a greater number of daily RP/BR-aerosol
exposures would cause the greatest change in water intake and/or
in body weight loss. Daily water consumption and body weight
data were each analyzed with a 4-factor design involving: 2 (3.0
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and 6.0 mg/1 Concentrations) x 3 (1, 2 or 3 Exposures) x 2 [Sexes!}

x 15 (Sessions), with Sessions treated as a repeated factor
(Winer, 1971).

-

The second set of ANOVAs was a further test of whether RP/BR-
aercsol would cause a change in water intake and/or a decline in
body weight after 4 daily exposures when the 6.0 mg/1 target
concentration group was compared with the 0.0 mg/1 (filtered-air)
group. The two measures were each analyzed using a 3-factor
design involving: 2 {0.0 vs 6.0 mg/1 Concentrations) x 2 {Sexes)
x 15 (Sessions), with repeated measures on Sessions,

Where significant effects were found in each ANOVA, post hoc
Duncan Multiple Range Tests (Waller and Duncan, 1969) were used
for pair-wise comparison of all means.

Gross necropsy and histological data were treated descriptively.
That is, the percentages of specimens found to have clinical
abnormalities were computed for RP/BR-aerosol and for filtered-air
exposure groups and were then compared.

Results and Discussion
a. Aerosol and Filtered Air Measurements

Table 7 presents medians and ranges of variables that characterized
the RP/BR-aerosol or filtered-air exposure conditions. As shown,
the initial 7 columns of Table 7 refer to the separate groups of
rock doves administered between 1 to 3 or 1 to 4 successive daily
exposures of RP/BR-aerosol at the 133 Um or 293 Mm extrusion pump
settings (i.e., 3.0 or 6.0 mg/) target concentrations,
respectively). One control group involving 4 successive daily
filtered-air exposures was used in this study.”

Examination of the aerosol mass statistics in Table 7 reveals
that median values varied from 198.7 to 209.9 mg for the 73 to 81
min burns at the 133 um extrusion pump setting. The median

H3P04 levels varied between 140.1 and 159.1 mg--71 to 76

percent of the aerosol mass. As with the prairie dog exposures,
these data are consistent with prior data at equivalent extrusion
pump settings (Sterner et al., 1988; Moneyhun et al., 1988),
considering the longer filter-collection period involved.

Again, MMAD values concur with Sterner et al. (1988). Median
aerosol particle sizes varied from .79 to .825 um for the burns
conducted at the 133 um extrusion pump setting, particles within
the respirable range [Phalen, 1984).

Chamber air quality was acceptable, with 02 values remaining

essentially constant at 19 percent throughout all conditions.
The C0p values were very acceptable and varied between 575 and
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605 ppm or between 695 and 757 ppm at the 133 and 293 um
extrusion pump settings, respectively.

Regarding contaminants, the rock dove RP/BR aerosol exposure data
were almost identical in pattern te those described for prairie
dogs. FPhosphine was rarely detected, and only in trace amounts.
The median CO values were very acceptable and varied between 6 and
27 ppm. Similar to the prairie dog exposure data, hexane was
again present in RP/BR aerosols at unexpectedly high levels,
Median CgHy4 measured values for the 133 and 293 um extrusion
settings ranged from 18 to €1 ppm and from 30 to 73 ppm,
respectively. Again, we are unable to explain these levels of
CeH14 as measured by Gastec tubes. These values were

disparate from both Sterner et al. {1988) data and the GC/MS data
of Moneyhun et al. (1988).

Durations of the RP/BR-aercsol zxposures for rock doves ranged
between 73 and 81 min, Temperatures and RH values were well
within acceptable limits during the exposures--18 to 229 C and
48 to 64 percent, respectively.

b. Mortality and Symptomatology

Mortality.--A tetal of 11 out of 42 rock doves died within 8 days
following their last RP/BR-aerosol-exposure session., None of the
6 rock doves in the filtered-air-exposed (control) group died in
the 30-day post-exposure period. Overall mortality results have
been tabulated and are shown in Table &. As indicated, 2 to 3
animals per group died apparently from the toxic effects of RP/BR-
aerose! inhalation after whole body exposures for 1, 2, 3 or 4
daily 80-min sessions at the 6.0 mg/l target concentration. One
animal died in the 3.0 mg/1 group given 2 exposure sessions.

Our data strongly indicated that the male rock doves are more
sensitive to the lethal effects of RAP/BR azercscl than are the
femaies. Comparing only the 7 RP/BR-aerosol-exposed graups,
10:24 males {41.7 percent) versus 1:18 females {3.5 percent) died
within 5.4 + 1.7 days post exposure. The difference in total
numbers of rock doves of sach sex exposad was the result of 3
males being mis-sexed by the cloacal examination method. These
changes were incorpsrated inte all rock dove analyses.

Symptomatotogy.--8ecause 11 rock doves died during the post-
exposure periods, symptom data for different groups had to be
compared based upon a computation of the percent of positive
symptoms cbserved. These percentages were based on the total
number of 17ve birds in each group observed for each pre- and
post-exposure 7-session block. The 7-day pre-exposure period
{Pre-) was compared with the first 7 days of post-exposure (Post
1), and 7 late post-exposure sessions on Days 10, 13, 16, 19, 22,
25 and 28 (Post 2},
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Table 8. Rock dove mortai‘ty data.ad

Post- Post-
Target Number of exposure exposure
RP/BR daily Male days Female days Total
aerosol exposure mortality until mortality until mortality
concentration sessions ratioC death ratioC death ratio€
0.0 4 0:3 - 0:3 - 0:6
3.0 1 0:3 - 0:3 - 0:6
3.0 2 0:3 - 0:3 - 0:6
3.0° 3 1:4 5 0:2 - 1:6
6.0P 1 2:4 (7,8) 0:2 - 2:6
6.0 2 3:3 (5,6,6) 0:3 - 3:6
6.0 3 2:3 (5,6) 1:3 5 3:6
6.0° 4 2:4 (1,5) 0:2 - 2:6
Ratio totals 10:27 1:21 11:48

a8 The study actually involved 27 males and 21 females, rather .than the
intended 24 males and 24 females {i.e., both totai nos. = 48 rock doves).

b One male in each of these groups was mis-sexed by the cloacal
examination method at the start of the study. They were determined to be
males at the end of the post-exposure period upon necropsy by APRIS
veterinarians.

C Number of deaths : total number of birds tested.
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Investigqators were instructed to tape over data sheet headings
for each RP/BR-aerosol or filtered-air group before recording
observations in order to remove or reduce potential hias in
reporting positive symptoms. However, another problem was noted
in the data taken for the respiratory congestion symptom. This
was scored in a high percentage of the cbservation periods {Post
1 and Post 2) for the filtered-air exposed doves {i.e., 44.8 and
54.5 percent respectively after flight exercise). While it is
possible that a chronic respiratory problem could have existed
for all birds in our colony, this explanation was considered
unlikely when pre-exposure data were examined (i.e., 0.0 percent
respiratory congestion symptoms). More 1ikely, the investigators
probably scored any evidence of breathing difficulty or even
hyperthermia {e.g., parted beak, slight air rush sounds} as
positive symptoms after the exposure period. The respiratory
congéstion measure was thus discounted as insensitive or as
confounded in these symptomatclogy assessments.

The main symptomatology resuits are presented for the 7 RP/BR-
aerosol and 1 filtered-air exposed groups in Table 9. Three main
findings merit note based on these percentage data. First, all 7
RP/BR groups show some affected vocalization effects ranging from
2.2 to 12.5 percent. No filtered-air exposed doves showed this
symptom pre- or post-exposure. These vocalization effects in the
RP/BR groups dissipated by the Post 2 period. Second, 6 of the
RP/BR-aeroscl exposed groups shewed 1 or more birds were affected
in the body posture symptom category on Post 1. Thirdly, the 6.0
mg/1 group, given 2 exposure sessions, appeared to be the most
severely affected, and this was most consistently shown in the
body pesture symptom category. Percentages of observations that
were positive for this symptom were 2€.8 and 24.5 for the rest
versus exercise observation counts, respectively, during the Post
1 period. The highest mortality rate (50 percent) was also noted
for this group.

Other incidental changes that occurred included: an increased
percentage of aggressive response in & of the groups {including
filtered-air exposed doves) in the Post 2 period, and an increase
in the percentage of dove normal vocalizations in 7 of the 8
groups during the Post 2 period.

Body weight effects.--Body weight data were analyzsd for RP/BR
aerosol exposure effects using 2 ANOVA designs. Both ANOVAs
compared body weights on the last Pre-exposure Day (Day O) with 14
Post-exposure sessions (Days 1-7, 10, 13, 16, 19, 22, 25 and

28). The first analysis involved 36 rock doves {6 groups} given
1, 2 or 3 exposure sessions tc RP/BR-aercsol target concentrations
of 3.0 or 6.0 mg/1. Only RP/BR-aerosol-exposed rock doves and ro
filiered-air-exposed (Control) rock doves were compared in this
analysis. The design was a 2 (Concentration) x 2 (Sex) x 3
(Exposure) x 15 {Session) factorial, with Sessicn treated as a
repeated factor (Winer, 1971).
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Five significant effects were revealed hy the analysis:
Concentration x Sex x Exposure x Session /F = 2,18, df = 20/271,

P < 0.0029), Concentration x Sex x Session /F = 3,01, df = 14/271,
P < 0.0003), Concentration X Session {F = €.01, df = 14/271, P <
0.0001), Exposure x Session (F = 3,19, df = 28/271, P < 0.,0001)}
and Session (F = 39,39, df = 14/271, P < 0.0001).

-

Figure 12 depicts the components of the Concentration x Sex x
Exposure x Session significant interaction term. A1l the other
significant terms listed above are subsumed as components of this
complex 4-way temm.

As shown, the 4-way interaction and probably a large proportion

of the 3-way interaction !i.e., Concentration x Sex x Session)
stems from the fact that all of the males given 2 exposure
sessions at the 6.0 mg/1 RP/BR aerosol target concentration shoved
a dramatic and steady decline in mean body weight on Days 1
through 6 post exposure {see center panel, Fig. 12). By Day 7,
all 3 males in this group were dead. A1l 3 females in this

group, on the other hand, survived through the 28-day post
exposure period and these female doves showed no reliable decline
in mean body weight.

Another partial acccunting of the 3~ and 4-way interaction terms
can be seen in the 3-Exposure Groups (see bottom panel, Fig. 12).
In this case, 6.0 mg/1 exposed males showed sustained depression
of mean body weights on Days 10 through 28 when compared with the
3.0 mg/1 exposed males. The corresponding female groups, however,
showed no consistent differences in mean body weights on Days 10
through 28 post exposure, but the 6.0 mg/1 group relative to the
3.0 mg/1 group females did show more decline in body weight from
their Day O mean value lasting through Day 7. Thus, the main
4-way interaction effect was generated by Sex interacting with
the other 3 factors: Concentration, Exposure and Session.

The Exposure x Session interaction (Fig. 13) indicated that the
groups given 1, 2 or 3 exposures were not equivalent in body
weight means on the Pre-exposure Day (Day 0), confounding direct
comparisons. Two effects, however, were apparent. First, both
the 1- and 2-Exposure Groups showed equal declines from
pre-exposure in mean body weight values through Day 5. The
2-Exposure Group was then consistently lower in mean body weight
from Days 6 through 28. Both the 1- and 2-Exposure Groups never
fully recovered from these body weight declines when compared with
their respactive pre-exposure day means. Second, the 3-Exposure
Group, in contrast, showed relatively less mean body weight
decline than the other groups, and these rock doves recovered
from their initial mean body weight decline between Days 16 and
19 post-exposure.

The Concentration x Session interaction (Fig. 13} also indicated
two general trends in the mean body weight values. The 6.0 mg/l
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Figure 12. Mean body weights of rock dove groups given either 3.0 or 6.0 mg/1
of RP/BR smoke concentraticns on 1, 2, or 3 daily 80-min exposure
sessions, Day 0 is the last pre-exposure day and Days 1-28 are the
mean body weight values on the days following the last exposure
day.

61




MEAN BODY WEIGHT (GRAMS)

MEAN BODY WEIGHT (GRAMS)

140

330

329

310

300

Figqure 13.

-
: ‘; 1 Lxpos
N xposure
o -] . g""'“-:...: ’g"
5 a ’.",“u Ty ys?
A »® g
s : .'6.""" ’f N L P _? .f;yzgar& oy n wm
3 "0;’ﬂ—
N 3 S 3 [xposure
- gan’ p

EXPOSURE x SESSION

. AP T » »\ P ] e 232 Y
POST EXPOSURE DAY

*

PAGLS 3.0 mg/1 o
o ﬂ’
‘ﬂ’ N g

COHCENTPATIOH x SESSIOR

R S5 -4,;,,._.; _ _- u--. " i o . =~
POST EXPOSURE DAY

Upper panei.--Mean body weights of 3 rock dove groups that received
either 1, 2 or 3 RP/BR-aerosol exposures (80 min each) at either
the 3.0 or 6.0 mg/1 target concentrations. Lower panel.--Mean

hody weights of 2 rock dove groups that received either 3.0 or 6.0
mg/1 target concentrations of RP/BR-aerosol during 1, 2 or 3,
80-min exposures.
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Exposure Group showed a greater decliine in weight relative to
pre-exposure, dnd the number of days to recovery to pre-exposure
mean weights was different for the 2 groups. The 3.0 mg/]
Exposure Group had recovered by Day 10; whereas, the 6.0 mg/]
Exposure Group was not recovered until Day 22.

The Session effect indicated that the rock doves generally lost
weight during the Post 1 period (Days 1-7) and recovered to
pre-exposure weight levels during the Post 2 period (Days 10
through 28). Sustained Post 1 body weight depression was greatest
in those groups that had high mortality--this factor limited our
conclusions in tests for the Post 2 period exposure effects on

the 6 rock dove groups.

A second repeated measures ANOVA involving 12 rock doves was
performed on the body weight data for the 0.0 versus 6.0 mg/1
target concentratior groups which received 4 exposure sessions.
The design was a 2 (Concentration) x 2 {Sex) x 15 (Session)
factorial, with Session again treated as a repeated measures
factor.

Four effects were found to be significant: Concentration x Sex x
Session (F = 1.84, df = 14/90, P < 0.0441), Concentration x
Session (F = 2,38, df = 14/90, P < 0,0072) Sex x Session (F =
3.43, df = 14/90, P < 0.0002) and Session (F = 5.19, df = 14/90,
P < 0.0001).

The Concentration x Sex x Session interaction effect was further
analyzed with Duncan's Multiple Range Tests (Waller and Duncan,
1963). Although the effect was complex with 60 means being com-
pared to one another, definite trends were evident {see Fig. 14).
As indicated, the 6.0 mg/l-exposed males showed significantly (P
< 0.05) depressed body weights compared to the 0.0 mg/1 group
males on virtually all post-exposure days except Days 3 and 4.
These 2 male groups were not significantly different from one
another on the pre-exposure day. The 6.0 mg/1 and 0.0 mg/1-
exposed females, however, were neither significantly different
from one another for the pre-exposure day nor for any of the
post-exposure days, except for days 25 and 28 (i.e., the 6.0
mg/1, female group means were significantly lower on these last 2
days of post-exposure). This result indicated that males

were much more consistently deprassed in body weights than were
females during the post-exposure periods. During these
comparisons, 1 male died on the first day post-exposure and a
second male died after 5 post-exposure days; no female RP/BR-
aerosol-exposed birds or birds in the filtered-air (control)
group died after the exposures.

The Concentration x Sex interaction indicated that for males, the
6.0 mg/1 aerosol exposure produced an overall decline in body
weight compared with the male 0.0 mg/1 group birds. For females,
however, the 6.0 mg/1 aerosol essentially had no effect on body
weight when compared to the female 0.0 mg/i birds.
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Figure 14. Mean body weiyhts of rock dove groups all receiving 4 daily 80-min

exposures to 0.0 or 6.0 mg/1 of RP/BR aerosol as a function of the
post-exposure time in days. The curves represent the Concentration
x Sex x Session interaction effect. Whereas the female dove curves
remain nonsignificantly different from one another (12:14 means),
the maie dove curves are significantly different (P < .05) on

most of the post-exposure days (12:14 means).
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The Sex x Session interaction again indicated that females showed
a very slight gain in body weight over Sessions after a minor
initial decline on Day 1. The males showed an initial pronounced
decline in mean body weight on Day 1 follcwed by a variable but
gradual decline on remaining post-exposure days. As a combined
effect for all groups, the Session effect indicated that the mean
rock dove body weights initially declined on Day 1 post exposure,
recovered by Day 3 and were then stable through Day 28.

Water consumption effects.--The same initial 4-factor repeated
measures ANOVA as described for the rock dove body weight data was
also used to evaluate the water consumption data. Again, the
design involved 36 rock doves {6 groups) given 1, 2 or 3 exposure
sessions to RP/BR-aerosol target concentrations of 3.0 or 6.0 mg/1
[i.e., a 2 (Concentration) x 2 (Sex) x 3 (Exposure) x 15 (Session)
design] with no filtered-air exposed doves included.

Four significant effects were obtained from this analysis:
Concentration x Exposure x Session (F = 2,07, df = 28/271, P <
0.0017), Concentration x Session (F = 2.65, df = 14/271, P <
0.0012), Exposure x Session (F = 2.18, df = 28/271, P < 0.9008
and Session (F = 12.2, df = 14/271, P < 0.0001). HNote that all
Tower order effects are contained in the 3-way interaction term.

To analyze the Concentration x Exposure x Session interaction
effect, 3 component 2-way interaction graphs were plotted as
shown in Figure 15, These graphs represent the Concentration x
Session effect, the Exposure x Session effect and the
Concentration x Exposure effect.

As indicated, the Concentration » Session effect (P < 0.0012)
shows that the 3.0 mg/1 exposed rock doves were not affected to
any degree during the first 7 days of post exposure. The 6.0
mg/1 exposed rock doves showed a slight depression in water
consumption through Day 6 post exposure. On Days 10 through 28,
however, the 3.0 mg/7 Group showed consistently elevated mean
water consumption levels compared with the 6.0 mg/1 Group.

The Exposure x Session effect (P < 0.0008) indicates 2 main
trends in the data. First, the 1- and 2-Exposure Groups declined
in water intake briefly for 1 to 2 days post exposure; whereas,
the 3-Exposure Group showed no immediate post-exposure decline.
Second. for almost the entire late post-exposure phase (i.e.,
from Days 7 through 25, mean water consumption levels are
directly related to the number of RP/BR aerosol exposure sessions
{(i.e., more exposures led to higher, sustained water intake
levels). This did not hold on Day 28, however, where the 1- and
2-Exposure Groups showed reversed consumption levels.

Finally, the Concentration x Exposure effect (P < 0.63;
non-significant) indicated that, of all 6 rock dove groups tested,
the 3.0 mg/1 Group, given 3 exposures, drank considerably more
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Upper panel.--Mean water consumption levels of rock dove groups
exposed to 3.0 vs. 6.0 mg/1 target concentrations of RP/BR aerosol
for 1, 2 vs, .3, 80-min exposure sessions. Data for all sessions
have been pooled. Middle panel.--Mean water consumption levels of
rock dove groups that received, 1, 2 vs. 3, 80-min exposures. The
3.0 and 6.0 mg/1 target concentration data have been pooled.
Bottom panel.--Mean water consumption levels of rock dove groups
that received 3.0 vs. 6.0 mg/7 RP/BR aerpsol. The 1, 2 and 2
exposure session data have been pooled.
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water {mean increase vaiue of 8.8 ml or 22.8 percent compared to
other groups). Again, occasional extreme variability in water
consumption levels for these 6 means over the 15 sessions negated
significant differences.

The 3-way {Concentration x Exposure x Session) effect was
therefore a function of the 2 significant, 2-way interaction
effects: Concentration x Session and Exposure x Session. The
major component of the complex interaction is attributed to late
post-exposure effects shown by 3.0 mg/1 and 3-Exposure Groups.

The rock doves that received 3 exposures at the 3.0 mg/1 RP/BR-
aerosol level were, in fact, almost 23 percent above the mean
consumption levels of the other 5 tested groups on Days 10 through
28 past exposure.

The explanation that appears most plausible for these elevated
water consumption levels in the 3.0 mg/1 Groups involves the high
survivability of these rock doves post exposure (i.e., only 1 male
died). These birds were affected late in the post-exposure
period, and water consumption data were available for almost all
of them. In the 6.0 mg/1 Groups, in contrast, there was a
relatively high degree of mortality (11:24 or 45.8 percent)
affecting mainly males (64.2 percent of males versus 10.0 percent
of females). These 6.0 mg/1 Groups were thus culled of sensitive
rock doves by Day 8 post exposure, and the remaining birds were
probably selected for resistance to RP/3R-aerosol effects. This
rationale would explain the Tack of elevated water intakes in the
6.0 mg/1 aerosol-exposed birds based on this selection process
occurring during the post-exposure sessions. In other words, and
as a cautionary note, it would be misleading to conclude from our
data on rock doves that the general trend was toward higher water
consumption levels at lower RP/BR-aerosol exposure levels when
dealing with sublethal concentrations. For groups of doves that
all survived the RP/BR exposures, in fact, the reverse may well
be the case (i.e., higher RP/BR-aerosol concentrations could lead
to more water consumption).

The Session effect reflected a very brief, slight depression (7.9
percent change) in mean water consumption on Day 1 followed by
rapid recovery by Day 4. Rock doves then increased water
consumption levels between Days 7 and 10 by approximately 20
percent and held steady at this increased level for the remainder
of the post-exposure period.

A second ANOVA, essentially the same design previously described
for rock doye body weight data, was also used to further analyze
water consumption data. This 3-fTactor repeated measures design
involved the remaining 2 groups that were given either
filtered-air or RP/BR aercsol (6.0 mg/1 target concentration)
both on 4 exposure sessions. The design invclved the factors
of: 2 (Concentration) x 2 (Sex) x 15 {Session) with repeated
measures on this last factor.
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Only 1 significant effect was yielded by the ANOVA--Session (F =
3.54, df = 14/99, P < 0.0007). Haller and Duncan's Multiple
Range test on the means showed that the hirds dran% significantly
[p < 0.05) more water on days '0, 19, and 28 than on any of the
other post-exposure days. This was an indication of a simple
trend over time toward increasing mean water intake by both
filtered-air and by RP/BR-aerosol-exposed rock dove groups.

¢, Necropsies

As was the case with the prairie dog necropsies, a potential
source of variation in the reported abnormalities for different
groups should again be noted., These post mortem examinations
were performed by a team of 3 veterinarians that were first
guided through the procedures together, but later worked
independently on different animal groups. The agreement among
veterinarians in detecting and in describing organ ahnormalities
was not determined.

Post mortem examinations were performed on all 48 animals 30 days
after the last RP/BR-aerosol or filtered-air exposures. APHIS
veterinarians performing the necropsies were told which animals
had received filicred air exposures, but were not infermed as to
ihe specific concentrations or number of sessions of RP/BR-
aerosnl exposure given to the other animals. As with the prairie
dog necropsies, this information was requested by the veterinar-
jans. It was viewed as the best course to take due to the need
for their famiiiarization with necropsy identification of normal
organs and tissues in rock doves.

The observed incidence and type of abnormalities in the 10 major
organr groups examined are listed in Table 10. A few cases of
tracheal excess mucus or exudate, along with 3 cases af enlarged
spleens, were reported for the filtered~air exposed rock doves.
This pathology was vnexplained, but its cccurrence made
compar-sons between RP/BR an. controi birds for these organs
questionable.

The groups expused to a 3.0 mg/1 target concentration of R?/BR
aerosol for 1, 2, or 3 daily sessinns generally showed no
increase in the incidence of pathology. However, 2 doves in the
1-Exposure, 3.0 mg/1 Group had excess mucus in the larynx, and 1
bi~d had a large amount of white exudate material in the bronchi.
No respiratory system patholcgy was reported for the 2-Exposure,
3.0 mg/1 Group. Instances of liver abnormalities relating to
color or texture were suspected .o be artifacts of sodium
pentobarhitol injections during euthanasia. One bird in the 3
mg/1, 3-Exposure Group had excessive exudate in both the larynx
and in the epiglottis.
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Tahle 10. Rock dove necropsy data. The incidence of each type of abnormality
has been listed for the 8 groups {n = 6 animals/ea}. -
Filtered-
air
Target exposed RP/BR-arrosol Exposed
Concentration {mg/1) 0.0 3.0 3.0 3.0 6.0 5.0 6.0 6.0
Number of exposures 4 1 2 3 1 2 3 4
Nasal passages IM,IM+ 1CE
Trachea 1M, 1, 2M,1E+, 1M+ 1IM,1CE, 2M,ICE,
2FE 2FE 1CE+ 1H 1FE
Larynx 2M 1E 3M,1CE, 1CE 1M, M,
1ED 11
Epiglottis 1FE 2FE 1E 1CE+,1H 1CE,1DR,
iH
Bronchi 1E+ M 1CE+ 1ED,1S+
Lungs
Heart iCE 10D
Liver 16T 20L 106 1GT.1DG
Spleen 25+, 1L 1S+ 1S+ 15+ 100 106
15+44
Kidneys 1WN
Key:
M = excess white/clear mucus S- = reduced size
M+ = large amount of white mucus S+ = enlarged/swollen
E = thick creamy white exudate S++ = gplarged/moderately
£+ = large amount of white exudate S+++ = enlarged/highly
CE = catarrhyl exudate D = discoiored
CEr = Targe amount of catarrhyl exudate DL = light/pale/yellow color
FE = fibrous exudate D0 = darkened color
ED = edemitis DR = reddisn color
GT = granular textured DG = greenish color
I = inflammation A = small abscesses
H = hemorrhages WN = white ncdules/nodules
L = lesions
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For rock doves axpssed to a target concentration of RP/BR aerosol
at the 6.0 mg/1 level, there was a slightly increased frequency
of mucus or exudate in the nasal passages and in the larynges in
the 3- and 4-Exposure Groups. Some instances of increased reddish
color or inflammation were also reported for the larynx, as well
as one instance each of lesions and hemorrhage in this organ.
Brenchi were reported to show one instance each of excess mucus,
a large quantity of catarrhyl exudate, edemitis, and swelling.
Liver pathology related to color and texture was reported, but
again, this was probably induced by the i.p. injection just prior
to necrcpsy.

d. Histopathology

Table 11 presents the frequencies of histological descriptors
observed for lung, liver, trachea, larynx, nasal turbinates and
epiglottis specimens of the 48 rock doves (i.e., 6 per group)
assigned to 7 RP/BR-aerosol and 1 filtered-air-exposure
conditions. Appendix D contains copies of the NVSL Reports from
which this table was derived.

Unlike the descriptive percentages of histopathological
descriptors offered for prairie dog tissues, the current account
of rock dove histology is a clinical summary provided by NVSL
pathologists {see Appendix D). Essentially, the pathologists
concluded that none of the histopathology cited in Table 11 is
attributable to RP/BR-aeroscl exposures. Again, however, we must
point out that the lack of standard (normal) histology slides for
this wildlife species, coupled with the pathologists'
unfamiliarity with insults due to RP/BR-aerosol inhaiation, led
to conservative interpretations of tissue specimens. The
following is the verbatim account of the NVSL Laboratory Report
concerning rock deve histopathology:

No significant lesions were found in nasal turbinates examined.
Tissues from many pigeons were not available for microscopic
examination.

Ne significant Tesions were found in sections,of epiglottis from
control or exposed pigeons.

Lymphocytic irfiammation was present in sections of larynx from
one control and one exposed pigeon. This lesion is nonspecific.

No significant lesions were found in sections of trachea from
control pigeons.. Lesions found in s2cvions of trachea from
exposed pigeons included lymphocytic irflammation (2 nigeens),
hemorrhage (1 pigeon). and fibrosis (1 pigeon). These lesions
are considered to be ncnspecific,

Hemorrhage was found in lung sections from four control and 1%
exposed pigeons. This lesion may be relates to the method of
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Table 11, Frequencies of tissue classifications ohserved by HVSL pathologists
for specimens obbained from rock doves administered single or multiple
RP/BR and filtered-air exposures at the 133 and 293 um extrusion
settings for the toxicity range finding studies.®

RP/BR Target

Concentration 3.0 mg/? £.0 mg/1
Extrusion 0.0 mg/1
Setting 133 um 293 Um (Filtered-air)
Exposures 1 2 3 1 2 3 4 4
Tissue
Lung 1 NE 1N 2 NL 1 NE
1 NE
1A 1A 1A 2 A 1A
4 H 2 H 3 H 1 H 3 H 1H 14 4
3 PC 1 PC 3 PC 2 PC 3 PC 1 PC 3 PC
2 C 2C KIEH 2 C 5¢C 2 C 1¢C
1¢C
1 PYLI 1 PVLI
1E 1E 2 E 4 E
17T
Liver 1 NL 1 NL
1 NE 1 NE
1A 1A 1A 1A 1A
2 C 2 C 3C 2 C 4 C 2 C 1¢C
- 1E
5 PP 5 PPI 5 PPT 1 PP! 3 PPI 1 PPI 2 PPI 6 PPI
1 PPD 1 PPD 1 PPD i PPD 1 PPD
1N 1N 1N 1N i N
1CS 1 CS 2 CS 1CS
Trachea 6 NL 6 NL 5 ML 4 NL 6 NL 5 N 4 NL 5 NL
1 NE
iA 1A 2 A
1F
i H iH
1Ll 1 LI
Larynx & L 6 NL SN 5 NL & NL 5 KL 5 NL 4 nL
1 NE 1 NE 1 NE
S 1 A LA
i LF
st
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Table 11 [Continued}.
-

RP/BR Target

Concentration 3.0 ma/l 6.0 mg/1
Extrusion ~ 0.0 mg/}
Setting 133 um 293 Um {Filtered-air)
Exposures 1 2 3 1 2 3 4 4
Nasal 6 NL 3 N 5 NL 3N 1 HL
Turbinates 6 NE 3 NE 3 NE 5 RE 6 NE 6 Nt

6 NL 6 NL 2 NL 5 NL 4 NL 6 NL
Epiglottis 6 NE 6 N 4 RE 1 NE 2 NE

e Rt > AP B AS Be  Oh  m > S D Wt NS P WP T S G A . B TR W AR e R Ve NP A SR S AL e e e e e L S W WS W e = e = S em b s AR M S e G M G W) VR M AR e e em A et A e aw

a A1l specimens were examined by APHIS Pathobiology Laboratory, HVSL,
Ames, IA. Epiglottal tissues were not included in these examinationg.
Multiple histopathological descriptors were used with each specimen; hence,
descriptor codes exceed numbers of animals for certain tissue by exposure
conditions.

Key to histopathology:
A - Post mortem autolysis
C - Congestion
CS - Cholestasis
E - Edema
F - Submucosal fibrosis
H - Hemorrhage
LI - Lymphocytic inflammation
LF - Lymphofollicular proliferation
N - Necrosis
NE - Specimen not examirned
NL - No lesion seen
PC - Pneumoconiosis

PPD - Periportal inflammation
PPI - Periportal hepatocyte degeneration
PVLI - Perivascular lymphocyte infiltration

T - Thrombosis
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euthanasia. Pulmonary congestion and/or cdewa arc presumed to
be related to the method of euvthanasia or hypostatic changes
which occurred after Buthanasia. Pneumoconiosis, a lesion found
in three control and 12 exposed pigeons, is regarded as an
incidental finding. Perivascular iymphocyte infiltrates were
found in lung sections of two exposed pigeons. This lesion is
considered to be nonspecific.

Lesions in the liver included periportal inflammation, a
ncnspecific lesion usually associated with a previous bacterial
infection. Hepatic congestion is presumed to be related to
method of euthanasia. Cholestasis was found in liver sections
from five exposed pigeons. Cholestasis is a nonspecific
finding. Periportal degeneration and necrosis was found in
liver sections from five other exposed pigeons. This Tesion was
found in individuals from five different groups. The etiology

f this lesion is unknown but does not appear to be related to
tevel of exposure.

No lesions, attributable to red phosphorus/butyl-rubber smoke
exposure, were found in the tissues examined.

Sumpary and Conclusicns
1. Main Findings

RP/BR-aercsol and filtered-zir measures during both prairie doq and
rock dove exposure sessions indicated acceptable levels of
concentration variation (<20 percent) measured both gravimetrically
and by titration for H3PO4. Gther measures, such as particle

size and respiratory gases present, indicated acceptabie leveis and
close agresment with past studies using this same RP/BR extruder
system {Sterner et ai., 1988; Moneyhun et al., 1988). Contaminant
gases measured during exposurss were within acceptable Timits except
for CgHig4 as measured by industriai~type samping tubes (>100

ppm) at the 6.0 mg/1 target concentration levels. Later measurements
of this contaminant using GC/KS analysis {Moneyhun et al., 1288},
however, indicated only lcw levels of CgHiz (<5 ppm) at the

high extrusion settings. The industrial tubse measurements were
suspected to have been influenced by other components in the complex
RP/BR combusion product mixture.

Mortality rates tor the two species studied were found to be vastly
different for the RP/BR-aerosol tzrget concentration range of 2.0 to
6.0 mq/1 and for up to 4 repected 80-min exposure sessions., None of
the prairie dogs died at these levels over a 30-day post-exposure
observation perjod. In vonirast, 1l of 42 rock doves exposed fe
RP/BR-aerosol died within 5.4 % 1.7 days after their last exposure.
Only 1 of 18 died at the 3.0 mg/1 RP/BR asrosol level, but 10 of 24
died at the 6.0 mg/1 level. In addition there was a sex differsnce--
RP/BR-asrosol expesures were lethal tc 10 of 24 males (42 percent

but only to 1 of 28 females {6 percent).
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Symptomatology results were partially similar for these 2 species.

- Vocalization effects in prairie dogs were most prevalent in the groups
exposed to multipie 6.0 mg/? exposures. Vocalization effects in rock
doves were exhibited to a minor degree in all RP/BR-aerosol exposed
groups, and these effects dissipated after the first post-exposure
week. Respiratory congestion was found to be a symptom associated
with 6.0 ma/1 RP/BR-aerosol exposure in the prairie dog groups. This
symptom could not he consistently measured in the rock doves, but 6
of 7 dove groups did show body posture effects post exposure. This
symptom was most evident in the rock dove group given 2 exposures at
the 6.0 mg/1 level. Mortality was also highest for this group {50
percent).

Bedy weight measures were much more affected in the rock doves
vis-a-vis prairie dogs. Prairie dogs exposed to RP/BR-aerosol
generally showed only a i-day loss in weight gain foilowed by a rapid
recovery to pre-exposure levels by the third day post-exposure.

Also, the 1-Exposure Groups gained weight slightly faster than the
2-Exposure Groups during post exposure. Rock doves, on the other
hand, showed a sex difference in their body weights after RP/BR-
aerosol exposures. Males had much more depression of body weights,
especially in the 6.0 mg/1 Groups given 2 to 4 exposure sessions. In
general, male rock doves at the 6.0 mg/1 level showsd high mortaiity,
and survivors did not recover to their pre-exposure mean body weight
levels for the duration of the 28-day post-exposure period., The 6.0
mg/1 Groups, compared to the 3.0 mg/1 Groups, were more severaly
depressed and did not return to their pre-exposure body weight levels
until 22 days post exposure.

Water consumption measures for the 2 species yielded results in
partial agreement. In prairie dogs, groups given multiple RP/BR-
aerosol exposures consistently drank more post exposure than did the
1-Exposure Group, and this effect was most evident during Days 10
through 28, Similarly, rock dove groups given 1, 2 or 3 exposures
were in an ascending order of water censumption on Days 7 through 25
post exposure.

Coricentration X Session interaction effects on water consumption were
significant for both species, also. However, these results were not
consistent. The prairie dog groups showed highest consumption levels
in the 6.0 mg/1 Group late in post exposure (Days 10-28}, and the 2.0
and 4.0 mg/1 Groups showed dapressed consumption levels (Days 22-28)
compared with the Filtered-air Exposed Group. The rock dove groups,
in contrast, showed highe, consumption levels on Days 10-28 by the
3.0 mg/1 Group compared to the 6.0 mg/1 Group. These apparently
spposite effects were assumed to have been partially generated by the
high rock dove mertulity at the 6.0 mg/1 level. Those doves that may
have shown even more elevated drinking late in post exposure had died
within the first week post exposure. Prairie dog data were not
iimited by this mortality factor.
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hecropsy data analyscs yielded no strong, consistent effecls in
gither species. The c¢nly noteble increase in freguency of
abnormalities in the 10 organs examined was excessive m ~ous or
exudate in the nasal passages and in the larynaes of those rock doves
exposed to the 6.C mg/1 level for 3 and 4 sessions. Histopatholegy
data analyses indicated no specific pathology that related to RP/BR-
aerosol exposures in 7 types of organ tissue examined Yor each
species.

2. Inter-species Comparisons

Mortality data indicated that both species have higher LCs50 values
for RP/BR-aerosol than do Sprague-bawley albinc rats. Burton et al.
(1982) and Aranyi et ai. (1983b) reported LC50 concentration values
of 2.46 mg/1 and 2.32 mg/1 for laboratory rats given 4 or 5 daily 1-h
exposure sessions, respectively. Our data indicated that a median
value of 4.6 mo/1 RP/BR-aerosol concentration measured
gravimetrically over 77 to 86 minutes (target concentration of 6.0
mg/1) did not ki1l any prairie dogs (n = 6) after 4 expesure
sessions. The rock dove data indicated that a median value of 4.6
mg/1 RP/BR aerosol concentration measured gravimetrically over 77 to
78 minutes (target concentration of 6.0 mg/1), killed 2:4 muies and
0:2 females after 4 exposure sessions. The listed 80-min
concentration values (Tables 3 and 7) in the current study are
considered to be rather conservative estimates in terms of the steady
state levels achieved in the exposure sessions. For all male rock
doves exposed to the 4.5 to 5.0 mg/1 RP/BR measured aerosol
concentrations over 1, 2, 3, or 4 exposure sessions, 10:24 (i.e., 42
percent) died, indicating that these concentration and exposure
ranges were lower than the estimated LC5g value for this species.

Aranyi et al. (1983b) reported that no observable clinicai symptoms
(other than occasional eye-crusting) were shown by albino rats after
exposures to RP/BR aerosols at near lethal levels. As previously -
indicated, respiratory congestion and affected or lost vocalization
symptoms were detectable in prairie dogs after exposure tc the 6.0
mg/1 target concentration levels. Rock doves exhibited vocalization
effects and body posture symptoms post exposure.

Aranyi et aj. (1983b) also reported mean body weight losses in male
rat groups after exposure to between 1.56 and 3.05 mg/1 of RP/BR-
aercso] levels over 5 daily, l1-h exposure sessions. Body weights of
female rats were less affected by these RP/BR-aerosol levels. As
indicated, prairie dogs exposed to target cencentrations up to 6.0
mg/1 did not show sticng, reliable body weight losses post exposure.
Rock dove body weights, on the other hand, were affected by RP/BR-
aeroso! exposures with the males showing much greater mean iosses
than females at the 6.0 mg/1 target concentration level,

Burton et al. (1982) reported epigiottal and laryngeal ulcers, as
well as pulmonary congestion, edema, and hemorrhages in albino rats
expesed to 3.1 to 8.5 mg/1 deses of RP/BR smoke. Cur gross necropsy
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results indicated a minor degree of lung congestion in some prairie
dogs and excess mucus or exudate in the nasal turbinates and larynges
of reck doves 30 days after exposure to 4.2 to 5.0 mg/1 median RP/3R
smoke concentrations. Aranyi et al. [1983b) reported no incidences
of gross pathelogy in rats exposed to 0.5 mg/1 RP/CR smoke for up to
3.5 h.

Qur histopathology results also indicated no increased incidence of
pathology in RP/BR-aerosol exposed prairie dog groups. The Burton et
al. (1982) study on albino rats, in contrast, reported an increased
lung hemorrhaging incidence, Histopathological data reported by
Aranyi et al. {1983b) for lung tissue were equivocal due to a
suspected infectious agent present in their rat colony.

3. Selection of Task 3 Exposure Conditions

The Tevel of RP/BR aerosol target concentration recommended as a
maximum for Task 3 RP/BR studies was determined to be 4.0 mg/1. This
level was mainly derived from an examination of the carbon monoxide
{CO) concentraticn levels measured during both Task 1 and 2 studies.
Levels of CO approached or exceeded 35 ppm on several RP/BR burns,
when the extruder was set to deliver the 6.0 mg/1 target concentra-
tion. This Yevel of CO was deemed to be too high for a relatively
pure RP/BR-aerosol effects evaluation since this approaches or
exceeds the EPA safety standard for humans of 35 ppm for a 1-h
average exposure (NRC, 1677),

In addition to CO level as a rationale for selecting 4.0 mg/1 as a
maximum target concentration, the 6.0 mg/1 level would produce 33 to
50 percent mortality in rock dove groups--an unacceptable level for
Task 3 studies on behavioral and physiological effects. The 4.9 mg/l
level is expected to cause minimal mortality in rock doves when given
for only 2 daily, 80-min exposuire sessions; this level is also
expected to cause no mortality in prairiaz dog groups exposed over 4
daily, 80-min sessions based on the current Task 2 results.

As a minimum target concentration for Task 3 studies, the 1.0 mg/1
RP/BR~aeroso! level is recommended. This level is desirable from 2
standpoints. First, it allows for an examination of the sublethal
effects of RP/BR-aerosol exposure at a relatively low level using
potentially more sensitive measures (e.g., pulmonary function and
startle response) than thuse used in Task 2; and second, 1.0 mg/l1 was
found to be close to the minimum concentration level that will allow
steady burning of the extruded RP/BR ribbon in the hurn chamber.
Thus, flame out and re-1ighting probiems would largely be eliminated
at this concentratien level, so that a high degree of temporal
homogeneity of RP/BR-aercs0l can be maintained during the Task 3
exposures,
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Appendix A. Excerpts from DWRC Work Unit 615,76 (i.e., Methods‘--Effective
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Smoke Concentration Range Findimg and Basal Physiological
Determinations [Behavioral and Physiological Effects of Red
Phos phorous Butyl-Rubber /RP/BRY Smoke on Two Wildlife
Species--Task 2)--plus a copy of the Report of Animal Care
Committee approving the Task 2 research studies.

Animals and Animal Care Procedures

Numbers.-~-Approximately 110-120 prairie dogs and 110-120 rock doves will
be used in Task 2. The sub-lethal RP/BR exposure phase will involve 48
animals of each species and the basal physiclogical determinations will
involve 70-80 animils of each species (Fig. 1).

Capture.--Black-tailed prairie dogs and rock doves will be caught locally
by Project Staff. Every effort will be made to insure the humane care
and treatment of animals throughout all phases of the research. All
cages and handiing procedures wiil concur with the current regulations
concerning the Animal Welfare Act. The attending veterinarians are:

Drs. Gary W. Church and Patricia L. White, Veterinary Service, Animal and
Plant Health Inspection Service APHIS), U.S. Department of Agriculture
(USDAY, Rm. 237, 2490 W. 26th Avenue, Denver, CC 80221. Prairie dogs
will be captured at several known colonies ia the Denver Area; landowner
permission will be obtained prior to these efforts. In general, prairie
dogs will be caught using 1 of 2 methods: (1) foaming of burrows or (2)
trapping.

The foaming method will involve dispensing a narrow stream of laundry
detergent with water into burrow openings known to be occupied by prairie
dogs. The suds cause prairie dogs to ieave the burrow and the animals

are then hand captured with snares and gloves. The repelient action of
the detergent has been judged tc be non-traumatic and the concentration
contacting the animals is less than 0.5 percent as it is mixed with water.

The trapping method will involve positicning #203 Tomahawk Traps (61 x 15
x 15 cm) at burrows during daytime. A1l traps will be covered with white
plastic tops to provide shade for animals during trapping in hot

weather, Traps will be baited with focd, then checked daily at dusk for
the presence/absence of a prairie dog. In hot summer weather or cold
winter weather, traps will be checked twice daily (i.e., approximately
1300 and 2000 h and 1300 and 1700 h, respectively) to reduce effects of
heat and cold stress in captured prairie dogs. The diurnal activity of
the animal precludes night trapping. Following capture, animals will be
dusted for ectoparasites with Purina Dog Powder (a.i. pyrethrins 0.1%,
piperonyl butoxide 1.0% and carbaryl 5.0%) and then transferred to
individual holding cages (91 x 61 x 20 cm) for transport to DWRC.

Rock doves will be purchased ¢rom a lecal supplier and housed in 3.0 x

1.5 x 1.8 m 5.1 cm wire mesh cages in a covered outdoor facility.
Dersity of pigeons in each cage will not exceed 30 birds. They will be
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maintained on Purina pigeon checkers and cracked corn with water and grit
available ad libitum. Each wire holding cage shall contain sufficient
perch space for 30 birds and an attached 1.0 x .75 x .75 m wood shelter
box. After at least 2 weels of holding in these outdoor cages the birds
will be moved to the inside quarantine aviary cage facility.

Quarantine and Holding of Animals Prior to Test.--Upon arrival at DWRC,
prairie dogs will be permanently segregated by sex. Before the quarantine
is initiated, these animals will receive a second dusting with the Purina
Deg Powder. Each animal will be weighed ‘nearest g), implanted with a
transponder by injection for identification, and checked for outward signs
of disease and poor health before the Quarantine Period is started.
Unhealthy animals will be euthanized using ether and then incinerated,
Throughout the period of research, the prairie dogs will be maintained on
water and Purina rabbit checkers (Performance Blend; crude protein of not
Tess than 17,0%; crude fat not Tess than 2.0%; crude fibsr not more than
18.0%; and ash not more than 8.0%).

Quarantine procedures will adhere to the following 10 recommended
practices of the DWRC Animal Care Committee:

1. The quarantine area will be isolated from the main research area
(Bldg. 16) to provide adequate biosecurity. Animals will be checked
daily, and any problems (e.g., health, security) will be reported to
the Principal Investigator. Quarantine will begin and end with no
animals admitted or removed from the original group in the quarantined
area until completion of the Period.

2. The Quarantine Period will be 14 days in length. This will allow
for the detection of parasitic and disease problems, as well as, time
for the animals to adjust to their captive diet and surroundings.

3. All incoming animals will be examined by one of the Consulting
Veterinarians for signs of disease and injury prior to Quarantine.
Initial external parasite control will be started either in the field
before transport or upon arrival at DWRC depending upon air
temperature and length of _ime elapsed from exposure to the detergent
foam treatmeni, All animals will be re-dusted prior to onset of the
Quarantine period.

4. Tests will be performed on pocied fecal samples of all prairie
dogs to be quarantined in order to detect potential internal
parasites; if positive, the entire group of animals will be treated
with an appropriate antiparasitic drug.

Pooled rock dove fecal samples will be submitted to the National
Veterinary Services Laboratory to be inspected for Velogenic
Viserotropic Newzastle Disease (VYND) and Psittacosis. If positive
for VVND the entire group of birds will be euthanized using ether and
incinerated; all cages, bedding, food, and any other materials in
contact with the birds will be disinfected or incinerated. If
positive for Psittacosis, each bird 4i11 be assessed individually with
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cloacal swabs; those birds showing positive confirmation will be
euthanized.

5. A1l unusual symptoms and deaths of quarantined animals will be
promptly reported and recorded by the Principal Investigator. Post
mortems and diagnostic workups will S performed, if indicated by the
consulting veterinarians.

6. Food storage will be Tocated adjacent to the Quarantine Area and
not in contact with food to be given to nonquarantine animals.
Storage of cther supplies and water containers used will also he
located in the Quarantine Area.

7. Vermin control will be strictly monitored and enforced using giue
boards and traps in the Quarantine Areas. Insect control will be
accomplished using appropriate insecticides prior to the Quarantine
Period.

8. Respirator masks must be worn by personnel at all times when
working around avian subjects in the Quarantine Area.

9, AT1 personnel will change their outer wear clothing including
boots, before entering and leaving the Quarantine Area.

10. After the Quarantine Period is over, the entire Area will be
cleaned and disinfected. This includes cages, holding pens, water
and food dishes.

11. Animals showing signs of debilitation or poor health following
these quarantine procedures will be euthanized, necropsied, and
incinerated. All animals displaying good health will then be
available for transport to appropriate laboratory animal colony
holding rooms in Building 16.

Prairie dogs will be held in a separate heated and air-conditioned brick
building on the DFC. This building is temperature (230 + 50 C) and
light controlled. The animals will be reweighed every 14 days; animals
losing more than 15 percent body weight will not be used for research
until determined "heal thy" by the consulting veterinarian. Lactating or
pregnant females will not be used in research studies, These animals
will be euthanized using ether.*

Regarding rock doves, each will be checked for outward signs of disease
and poor health, dusted with Purina Dog Powder, weighed, and banded for
individual identification before the Quarantine Period is initiated.
Throughout the pericd of research, doves will be maintained on water and
Purina Pigeon Checkers with grit available ad 1libitum.

* Sodium pentobarbital injection substituted for ether during actual work.
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Quarantine of rock doves will involve placing tie males and females in
either of three wire mesh aviary cages (1.6 x 3.3 x 2.6 m; 2.0 x 6.6 x
2.6 m; 3.9 x 3.9 x 2.6 m) located within a 11.5-m~-diameter Butler
building on the DFC. At the end of the Quarantine Periecd and each 1l4-day
e interval of captivity, all birds will be re-weighed. Those animals
' losing more than 20 percent body weight (i.e, relative to initial weight)
will be held until weight and status are acceptable, then made available
for research studies. A1l birds showing severe body weight loss or other
unhealthy signs will be treated as appropriate to restore health or
L euthanized. Animals not responding to veterinary treatment will be
9 euthanized and incinerated. A1l doves not surviving Guarantine will be
refrigerated for later necropsy examination by the Veterinarians. Birds
appearing healthy and maintaining body weight after the 14-day Quarantine
Period will be available for RP/BR smoke exposure tests in Building 16.

- Holding of Animals During Test.--During specific studies, animals will be

L4 separately housed in rabbit-type cages (Hazleton Systems H-1432, Aberdeen,
MD--61 x 62.5 x 41 cm; Wahman Mfg. Co., Baltimore MD--51 x 54 x 38 cm)
and allowed 14 days adaptation prior to use in experiments. The research
will be conducted in isolated rooms of Building 16. Throughout the
studies, all prairie dogs and doves will be maintained on a 12:12-h

. light/dark schedule, with temperature controlled at 230 + 20 C. A

® restricted feeding schedule will be maintained with food available between
the hours of 0630 and 1430 MST (8 hrs) to counteract over eating by these
individually caged animals.

Use of Anesthetics and Euthanasia Drugs.--If possible, pain alleviating
L drugs will not be used during behavioral or physiological measurement
fj:"' procedures because of potential distortion of measured effects. If and
" when drugs are administered to animals, specific drug and dose procedures
will be provided as Standard Operating Procedures to the contractor, and
appropriate control groups will be included in these designs. In the
case of severe debilitation in the animals prcduced by RP/BR smoke
: exposures, the animals will be observed daily for recovery or mortality.
o © Euthanasia would not be used as this would obviate mortality-effects data

For collection of blood specimens during certain physiological procedures,
animals will be restrained. If restraint proves overly stressful to the
animals, Methoxyflurane wiil be used to anesthetize both species.*

For necropsy examinations the drug to be used for euthanasia of praivie
dogs will be sodium pentobarbital administered according to the
procedures recommended by the American Veterinary Medical Association
(Smith, Houpt, Kitchell, Kohn, McDonald, Passaglia, Thurmon, Ames, 1986).
Cervical dislocation will be used as the means of euthanasia with pigeons
for necropsy purposes.**

* Report of blood analyses to be included in Task 3 Report.

** Cervical dislocation was replaced with sodium pentobarbitol injection for
euthanasia of rock doves.
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REPORT OF AHIMAL CARE COMMITTEE

f =2\ United States Animal and taimal senver Wi : s . .
Kb,blowmﬁ“°”°' Aokt ; q' ’ Ecn\er ildlife ngsea.ch Center B
) Agricuture Inspection Servico Lamage Bldg. 16, Denver Feleral Center

Control P.0. Box 25266

Y
b
P

. Recommendation {Check one)

Denver, CO §0225-0266

Principal Investigator:
S. A. Shumake, R. T. Sterner
B. E. Johns

Research Study Title:

Concentration Range Finding and Basal
Physiological Determination.

Effective Smoke

Task 2

This committee has reviewed the above described project with respect to the

rights and safety of the animal subjects. The following are our findings:

‘

Risks {Check one)

unless the plan is modified.

subjects. Comments are attached.

The planned research involves little foreseeable risk and adequate
precautions have been taken for the safety and comfort of the subjects

The foreseeable risk is justified by the anticipated benefit to society and
the plans include adequate and appropriate measures to ensure the comfort
and safety of the subjects insofar as feasible.

| The risk is justified but further .measures seem advisable to protect the

| The risk seems greater than can be justified by the research as planned and
the research study is not apprcved as presented..

1

Further Comments:'

=

.The research study be
approved as submitted.

The research study be
revised in keeping
vith our comments and
resubmitted.

___ The research study as .
described be rejected.

Signaturc of Conmfttee Cha1rperson

Aribe4‘9~> ‘G‘féL”

Title

Research Physiolagist

Date Signed

S/7-P7

Brad Johns
Sign %Wrmaﬁan

Title

Veterinary Medical
Officer, VS, APHIS, USDA

b))

Technician (Wildlife)

Sign Z ¢é of Co—unzttee Member “Title Date Signed
Peter J. Savar1e Pharmacologist 97&1J?7
S%ure of intep Member ] Title Date Signed
Biological Laboratory
E. Davis #-22.%]

Signagure of C nmlgxi vézzgf:;

Jen elier

Title

Biological Aid (Animal)

Date Signed

44257

S\éﬁature of Commjitee Member

Louis Ray Burke 4%4%Qﬂ?7éf§;;94;‘--

Title
Representative

of Community

Date Signed

thot]
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Appendix B.

Cperating Guide for the Gastec
for 02, CO2, CO, PH3 and CeHi4 Aralyzer Tubes.

Analyzer Pump end Specificaticns

(We

thank Sens1dyne, inc., the U.S. d1str1butor for Gastec Corp., for
permission to print these instructions/specifications.)

OPERATING INSTRUCTIONS
GASTEC PRECISION GAS DETECTOR SYSTEM

SAMPLING & MEASYREMENT PROCEDURE:

| g °°.'.:§ s
sewatt st
—_— ORI Q

/
nul
1. Break tips off 2 lresh celecier tube by bending each tube end

in the fube up breaker of the pum).

2. lasert tube secutely into pump inlel with arrow on tube pointing
toward pumy.

3. For twin tubes, connect ‘C) marked ends with rubder tubing after
breaking e2ch end. Insert analyzer tube into pump with arrows
on tubes pointing toward pump. See fure below.

—— Te PUMP
Cor oY o= [~

FARILL v LG M T

Semzu Ax
e

4, Mizhe certan pump handle is 2l the way 1, Align red dols cn
oump body ané hancle,

5, Pul handle oul to desied stroke. Hancle can b2 locked on
eiiner 1/2 pum) streke (59 ¢¢) or } pump stroke (100 cc).

6. Read contentration at the interface of stainad-to.unstzined
fe2gent when staining siops. Unlock haadle by maning 1/4 turn
and tetun it 12 stasting position.

7. in case more pump strches are indicatad in anstryclion shast
in eazh box cf tubes, tzke a¢ditional sample by repeating pump
stickes withoul removing tube,

CORRECTION FOR TEMPERATURE, RUMIDITY OR PRESSURE:

Caldration of the Gastec deleclor tubes is normally based ¢n 2
tube temgperature of 20°C (687F), approximately 5055 relative hu.
midity, and narmal atomospheric pressure,

1. No correction is normally required for iube temperatures of
0°~30C32°—~194T) and for relative humidity range of 20~
90%.

2. \Where delecting reagent is 2bnormally seasitive lo tempetature
of humiily, correchon tadle or chart is provided i esch bex of
fubes In this case, tude teading must ba cotrected using cot-
teclion tatle or chart.

3, Tude teading is propsstional 1o 2bsolute pressuce. To corsect
for pressur2, multiply by

- -~a —-————————760 — m——
Atmaspher Pressute (minHy)

GASTEC PUMP PERFORMANCE

CESCRIPTION OF PUMP

Corstruction of pump ss dlusitaled below, Pump pulis (he highest
vacoum (817 of Hg) it efimmates figw-rate onfice ahich ma2y
cause malfunction of pump by clogging or leaking ontice. [ricticn-
proof piston gaskel {lubnizant seal packing) provides complelely
leakproof sampling at all times,

ONL WAY CHICK
VALYE ASSTMAY
RLET CLaihG IUMH (T Pump unen
xut ML MEAD ———  Cnmoir

tuse 1p
Satavia

RE0 0018
ONE wit ChiCK CUIDE waRxS)

O NG
T T At utten

{443

sxomsi'_‘ e

HANDRE
SPRING h—

PSIENE i1y STCPPLR SET
CASIIT ————  SCRIW

ONE'WAY CHECK VALVE ASSEMBLY

0—-_@-?«:? wEn
!
a n
! | :
(3) Rubber valve fiap
{b) Valve relainer

—(—==3 wuun

{c} Plain washser
(d) Valve screw

CHECKING PUMP PERFORMANCE

A. Visually check ubber wlet flange for cracks of tears Replace
i Gymaged. Tighten inlet clamping nul,
B. Valve Leak Check
1. faserl a lresh sealed detector lube into pump. Misalign red
dots on pump and handle, Pull several {itly rapid coatinucus
full pump stiokes.
2. Pull handle out € mm (1/4 inch) 3ad Raié s this postion {of
1 or 2 seconds.
3. Retease handle.
4. 1l handle retusas to withia 1.5 mm(1/16 inch) of fuly closed
positiun, tontinue fo step C.
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5. If handfe does no{ relurn to withm 1,5 mm /16 nch) of
fully closed gosition {or iess, perform the fohwang Valve
Lubrcation inslruction: outhned below.

C. field Yolym

1. Insert*a fresh sealed detecior tube into pump.

2. Align red dots on pump body and handle,

3. Pull handle firmly and at 3 moderate speed until handle focks
into position. Wait 1 minute,

4. Unlock handle by turning i ang guide it back.

70 PROTECT PUMP STOPPER from breakage, do nol release
the handle 2nd aflow it to spring back when conducling a
leak fest. Make sute to kold your hand onto the handle and
guide it back.

5. Pump handle should selurn to within 6 mm (1/4 inch) of the
fully closed position,

6. it pump handle does not close to within 6 mm{1/4 inch) of
less, follow lubrication instructions and retest,

0. Lubricalion Insteuclions (Perform Laboratory Volume Check “t”
after each lubrication)

1. Valve tubrication
2. Unscrew back plate and withdraw piston {rom pump

cylinder,
b. Remave check vaive from piston,

¢. Clean valve and piston with linl-free cloth, Proper valve
cleansing is 3s follows: Place cloth fial on desk. Wipe
rubber valve flap in 2 {3t position across cloth. Do not
bend the rubter flap valve.

d. Apply a smalf amount of grease evenly around the valve
opening 1o form 2 thin fiim, A ihin fim is nearly invisable.

e, Replace valve assembly loosely in the same mannes as
removed.

SIR(X IS b
nsien AR e, | waiw
7(/17/ ~ <>—@—=3 vt n
{ - ¥ALVE SUTANR
Prsron casaly Z: . Y

TALYT MR

i. Before lightening the screw, ahgn valve so that valve hole
is in center of vaive flap,

g. Then push the rectangular valve retainer all the way
toward loose end of valve llap.

h, Now tighten sciew. 11 2 lorque drivar is available, lighlen
fo 0.8 Kg.cm. Otherwise, be carefu! not te overlighlen
sciew.  When lightened, screw must not detarm rectangu.
fas vaive retziser. ¢

2. Pislon Gasket Lubiication

a. Wipe off pistor and cyhnder with a clean hint-lree cloth,

b. Remove piston gashel with 2 small bladed screwdrves,
Teke cate net 1o cutl gasket,

¢ Clean slot i psston with Ent.f-:e cloth. Wipe off subber
gaskel.

d. Wipe 2n ample supply of grease into gashet stot on pislon
ind inside pasket.

¢. Replace gashet mahing sure thal open side of gashel s
toward pump handle.

PISTCN GASKET

PUMP SHAFT

VALVE HOLE

i
il

PISTON GASKET

}\ PISTON

8¢

{. Wiih the excess grease from piston slot, wipe around
outside of gaskel and piston.

g. Wipe an ample amount f graase into cylinder at the area
ol piston entrance.

1. Insest pisten slowly into the cylinder. Work the piston
back and forth slowly in the cylinder several times.

i. Now screw back plate fumly onto cylinder.

j. Repeat leak tests.

k. If any leak remains, replage piston gasket,

‘I, Only if a leak persists, go to procedure below.

3. Pump Head Lubrication

2. 1his 18 only necessaty whete all previous grocedures have
failed to correst a leak,

b. Visually check pump head 0" ring for cracks.

c. Replace “0” ting f cracked.

d. Plage a hight coat of grease on pump cylinder head screw
\hteads aad the “O” ring.

e. Insert new "0" ring.

. Sciew pump head fumly on to 0" ring and make sure
"0" fing 13 seated unformly. Overtightersng pump head
may push "0" ring oul of plate. Do not overtighten,

g. Wipe off excess grease.

. Laboratory Volume Check (To be periormed at least afler each

tubrication)

The Gastec pump can be checked periodically to assure that

100 X § ml are being sampled.

1. Atrange a graduated 100 mi so2p film flow meter in a volume
test mode.

2. Insert 3 fresk Gastec tube into the Gastec pump. The tube
must be broken at both ends {ready lor use).

3. Attach the Gastec tube to top of soap fim flow meter with
rubber hose. Make sure there are no leaks,

4. Puk pump handle out full to lock 31 one stroke in normal
samplmg mannes,

§. Wait ualil the bubble slops moving 2nd read the volume
evacuated.

§. Il the volume evacualed is other than 100 5 mi, proceed
to lubncation mnstruclinn and retest.
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the main Appendices of the current report.
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Characterization of Inhalation Exposure Atmosphcresf“
Denver Wildiitre Research Zenter
USDA-APHIS
Aupust 17-18,1987

J. H. Moneyhun, R. L. Moody and R. A. Jenkins

Executive Sumpary

A working site visit was made to the Denver Wildiife Research Center
(DWRC-USDA/APHIS) in order to «cuaavacterize the inhalation exposure
atmosphere being generated by the continuous combustion of hexane-softened
red phosphorus-butyl rubber. Aerosol levels at the extremes of the
concentration ranges used in the bioassays (1 and 6 mg/L) were investigated.
Samples were acquired and returned to Oak Ridge National Laboratory for
analysis.

Data indicated that the phosphoric acid produced comprised about 65-80%

of the particulate mass present in the aerosol. At higher aerosol
concentration, the particulates are probably not at equilibrium with the
atmospheric moisture. Levels of total organic carbon in the aercsol were

less than 10 pg/L or no more than 3 ug/mg HiPO;. Particle sizes for both
the high and low aerosol concentration runs were less than 1 um mass median
diameter and therefore, well within the respirable range. Although detector
tube analysis of residual hexane in the exposure atmosphere by DWRC
personnel had suggested that the hexane levels were 50 ppm or more,
exhaustive thermal desorption GC/MS analysis of vapor samples indicated
levels of 5 ppm or less. This is in much better agreement with expected
levels. €09 levels reached maxima of 760 ppm, indicating rather complete
combustion of the residual organics. Carbon monoxide levels reached 50 ppm,
but only for the worst-case-scenario 6 mg/L. The data indicated that, for
the most part, the atmosphere generated at DWRC is identical to that
generated for another inhalation study condunted elsewhere, and to that
generated during characterization studies at ORWL.

Introduction

The Denver Wildlife Research Center (DWRC) (U.S. Department of
Agriculture Animal and Plant Health Inspection Service), in agreement with
the U.S. Army Medicgl Research and Development Laboratory, has been
conducting an inhalation texicology study whereby two species of wildlife
(ie. rock doves and prairie dogs) are exposed to an aerosol generated by
burning a mixture of red phosphorus and butyl rubber. This formulation is
employed by the military as one of their battlefield obscurants. Burning
the phosphorus in air produces phosphorus pentoxide.
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When contacting atmospheric maisture, the pentoxide hydrolyzes to form a
phosplhicric acid a&erosol comprised predominantly of a mixture of
polyphosphoric ucids. In the {icld, the resulting aervoscl forms z white
cloud that is an cffective visual obscurant. The purpose of the agreement
is to determine the extent of sdverse behavioral and toxicological effects
on wild vertebrates which may be exposed tec the smoke during military
training exercises. The Analytical Chemistry Division of Oak Ridge National
Laboratory (ORNL) maintaired a support vole for the investigation by
supplying smoke generation hardware and methodology, as well as physical and
chemical documentation of the exposure atmospheres.

The animals are exposed to a smoke aerosol generated using an
extrusion/burn apparatus developed at Oak Ridge National Laboratory and
previously used in a sxmllar stuuy at the Illinois Institute of Techrology
Research Institute (IITRI)! In this system, the red phosphorus/butyl
rubber formulation (RPBR) is softened batchwise with hexane vapors and
loadeu into billets. The RPBR is extruded from the billet in a ribbon by an
hydraulic system, and subsequently is burned to form the aerosol. The
aerosol concentration is wultimately controlled by driving the hydraulic

system at a variety of selected rates with a metering pump to extrude the
RPBR in a continuous manner.

Differences in altitude between the DWRC and IITRI sites results in an
atmospheric pressure differential of opproximately 80 mm Hg, (atmospheric
pressure at Denver averages near 660 mm Hg while in Chicago - and Oak Ridge
- the average atmospheric pressure is approximately 740 mm Hg). This causes
a diminished oxygen content in Denver, which could potentially alter the
burn characteristics and thereby the composition of the exposure atmosphere.
In order to document that composition, a working site wisit was made to DWRC

on August 17-18, 1987 by two ORNL staff members (R.L. Moody and J.H.
Moneyhun).

The purpose of the visit was to acquire samples of the exposure
atmosphere for derailed chemical analysis at ORNL., Results are summarized
on the following pages.

Aerosol and Phosphoric Acid Concentrations

in order to establish concentration levels, filter samples were
acquired by sampling the chambexr atmosphere at 1.5 L/min for 10 minutes each
during the low concentration experiments (ca. 1 mg/L) and 5 minutes during
the high concentration RPBR burns (ca 6 mg/L). These filters were weighed
prior to and following sampling to establish total mass concentrations.
Since the aerosol is a solution of phosphoric acid in water, the filters
were subsequently eluted with water and an aliquot of the eluate
subsequently analyzed for total phosphate. Phosphate was determined by
hydrolyzing all the polyphosphoric acids to orthophosphoric acid and
reacting with molybdic acid to form a molybdenum blue complex that was
measured spectrophotomecricallyl. No effort was made to determine the
distribution of individual polyphosphoric acids, because the toxicological
gignificance of the speciation was believed to be minimal.
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Phosphate analyses ard also routinely performed at DWRC by titration of
the phosphoric acid. One sample from each run was analyzed using this
technique by the DWRC personnei. Table 1 lists the mass concentration,
based upon filter weights, and the phosphoric acid concentration for these
samples. in some cases, the samples analyzed for phosphoric acid by
titration at the Denver site yielded slightly different results for
phosphoric acid than those analyzed at ORNL by the spectrophotometric
procedure. However, in all cases, the diffevences were not large and judged
not to be important.

After a run was started, no significant effort was made to adjust the
concentration tc a specific level as would be done during an actual exposure
experiment. However, the concentrations obtained are reasonably consistent
with the desired levels of 1 mg/L (g/m3) for the low concentration and 6
mg/L (g/m3) for the high concentration. The low concentration in Run No. 3,
Sample No. 3 resulted from the loss of the flame caused by a break in the
RPBR ribbon behind the flame. Concentration in the chamber dropped before
the burn was restarted. Once the burning was restarted, the concentration
returned to a nominal value (Run 3/Sample &4).

Air supply to the generator system at DWRC is temperature and humidity
controlled, with water vapor being added to the normally dry ambient air.
Humidity measurements are made before a burn starts and at the end of a run
before stopping the generator. The water vapor absorbed by the phosphoric
acid aerosol 1is a function of humidity and the time between aerosol
formation and collection. Under conditions in which the phosphoric acid
droplets have not had the time to achieve complete equilibrium with their
surroundings (such as those which exist inside the chamber) and fixed water
vapor concentration, the greater the amount of H3PC4; is present, the greater
the fraction of the aerosol mass which will be comprised of H3PO4. The
phosphoric acid effectively scavenges water vapor from the air. The higher
the acid concentration, the lower the fraction of water in any one droplet.
This type of phenomenon is portrayed in Figure 1. The line represents
literature values®, calculated from vapor pressure measurements _over
phosphoric acid solutions. The stars vepresent data generated at ORNL3, at
a constant aerosol concentration while varying the humidity in the incoming
air. In general, the data agrees with the literature values. The low
aerosol concentration data at DWRC is fairly clese to the expected values.
The higher concentration mean values at DWRC (as measured by the molybdic
acid method at ORNL) are all about 10-15% higher than the expected values,
indicating that equilibrium between the particulates and the ambient
humidity has not been reached at sampling time. (Interestingly, high
concentration H3PO; fraction values determined at DWRC using the titration
method were somewhat closer to the expected values than the ORNL determined
values). Similar results have been observed for burns at ORNL, where
humidity was held constant and aerosol concentration was varied.
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Phosphoric Acid Concentration as
a Function of Water Vapor

H3P0O4 Conc. (Wt. %)
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Figure 1.
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Tuble i Tehalatien Zreiasure h'morilere Mass and Phosyhor:c Acid Concentrations

Samploe Sample Volume Samplo rveight nerosnl Mass Concentraticn H4PO, ii;P0, Fraction of

Cude (Liters) (mg.) a8/l mg. per sample Particulate
fhase(l)

Low Concentration

Run 1/1 16.7 20.3 1.21 14.65 72.2
Run 1/2 16.7 0.5 1.17 14.32 73.4
Run 1/3% 16.7 19.4 .16 12.862 65.0
Run 3/1 16.7 15.3 .62 10.45 68.3
Run 3/2 16.7 15.0 .90 9.83 65.5
Run 3/3" 16.7 4.3 .26 2.97 69.0
Run 3/4% 16.7 16.3 .98 10.56 64.8
Rua 5/1 16.7 13.8 .83 9.5 68.6
Fun 5/2 16.7 16.7 1.00 9.8 £8.5
Run 5/3°2 16.7 17.9 1.07 11.54 64.5
High Concentgation

Run 2/1 8.35 55.5 6.65 46.77 84,3
Run 2/2 8.35 54.7 6.55 44,65 81.6
Run 2/3% 8.35 52.7 5.31 39.63 75.2
Run 4/1 8.35 50.7 ’ 6.07 41.9 82.7
Run 4/2 8.35 $0.2 §.01 41.5 82.6
Run 4/3% 8.35 55.3 6.62 41.92 75.8
Run 6/1 8.35 57.5 6.88 48.8 84.8
Run 6/2 8.35 55.2 6.61 45.9 83.2
Run 6/3% 8.35 51.6 6.18 39.18 75.9

2 Samples from these runs analyzed phosphoric acid by titration by Denver rerzonnel,

'Low concentration in this sample resulted {rom temporary loss of flame., See text.
Total Organic Carbon

Since the "fuel" for the generator contains butyl rubber and is
softened by the addition of hexane, organic species would be expected to be
formed during combustian. A fraction of those may be associated with the
particulates. Total organic carbon was determined in the particulate phase
by collecting samples’ in an impinger filled with water. The impinger was
experimentaily found to collect over 97% of the aerosol, based on filter
samples placed downstream of the impinger. The particulates were oxidized

in order to convert organic compounds to carbon dioxide and measured on a
commexrcially available TOC analyzer,
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Table 2 lists results of thesge determinations. The TOC values average&p
1.3up/L for the low coneencration runs, and 5.3pg/L for the higher
concentration runs, and are higher than those found in the ORNL study by a
factor of 10. However, similav samples taken at the IITRI site were £found
to have the same TOC leveis as those taken at DWRGC. Overall, the levels of
TOC are still less than 10 pg/L of aerosol. If all of the TOC were present
as unreacted hexane, the hexane level in the particulates would be only
about 3 ppm.

Samples taken for TOC determination from burns conducted at ORNL were
sampled at a much higher samplirg rate and for much longer duration,
collecting total sample weights approximately 20 times that collected at
IITRI or Denver. This does not explain the differences noted, but is the
only difference between the sampling procedures.

Table 2. Total Orsanic Carbon (TOC) Present in Phosphoric Acid Aerosol

Sample Code TOC (ug/L Aerosol) TOC
in particulates ug/mg H3POy

Background 1 0.8

Background 2 0.8

Low Aerosol Concentration

Run 1 0.9 1.1

Run 3 1.7 2.8

Run 5 1.4 2.3
Mean 1.3 - 2.1

High Aerosol Concentration

Run 2/ 1 5.1 1.0

Run 2/ 2 4.6 .9

Run 4/ 1 8.3 1.7

Run 4/ 2 4.3 .9

Run 6/ 1 6.9 1.3

Run 6/ 2 2.6 .5
Mean 5.3 1.1

Aerosol Particle Size Distyibutions

Cascade impactor samples were taken for particle size determination,
Two impactors were used, each sampling at 1 L/mina. Duplicate samples wete
taken from each burn, one with each impactor. The stages were analyzed for
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_ H3P0, and particle size determinatiions were made assuming a log normal
. " distribution. The data frum duplicates were plotted on a single graph form
; and used to construct the log normal plot. For these samples, since the
phosphoric acid concentration was known from analysis of filter samples,
density of the aerosolized material could be tletermined and corrections were
made for densities. The resulting particle sizes are therefore reported as
v Stokes or physical diameters vather than as aerodynamic diameters.
’ herodynamic diameters, assuming densities of 1 g/cc, would be approximately
30% greater than the Stokes diameters. The density of phosphoric acid
solutions of these concentrations 1is approximately 1.5 -1.7 g/cc. The

particle size distributions are reported in Table 3.

Table 3. Cascade Impactor Samples - Particle Size Determination

Low Aerosol Concentration - 1 mg/L

MMD* aG¥¥x

uM
Run 1 0.67 1.41
Run 3 0.60 1.47
Run 5 0.55 1.48
Mean 0.61 1.45

High Aerosol Concentration - 6 mg/L

MMD* aGxx

U.M -
Run 2 0.96 1.50
Run &4 0.95 1.48
Run 6 0.92 1.51
Mean 0.94 1.50

% Mass Median Diameter (Stokes Diameter)
%% Geometric Standard Deviation

At both the high and low aerosol concentrations, the mass median
diameters were less than 1uM in diameter and are well within a respirable
range. The particle. size of the higher concentration is slightly larger
than has been cbserved at ORNL but probably results from increased residence
time of the aerosol in the chamber. That is, to attain the high
concentration of 6 mg/L, it was necessary to set the air flow at only 250
L/min through the chamber. (Normal flow rate is 500 L/min). This lower air
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flow causes o longer residence time in the chamber and should result in
larger particle size as the phosphoric acid has more time to scavenge water
vapor, and coagulate with cther droplets. In chambers where there is little
turbulence (nearly laminar tlow), differences 1in particle size are
detectable Dbetween samples taken ot the top and bottom of the chamber®,
yThis type of phenomenon supports the contention that aerosol droplet size -
can grow under these flow conditions.

Vapor Phase Components

There is always the possibility that in buraning the red phosphorus
formulation, toxic organic vapors may be formed either from the butyl rubber
of the formulation or from the hexane used to soften the material in order
that it may be extruded. Alsc, carbon monoxide and carbon dioxide are
formed from the combustion of the organic materials. Although the aerosol
is formed in an oxidizing medium, there has been concern that phosphine
(PH3 - a highly reduced ccupound) could either be formed or be present in
the fuel and released into the chamber. DWRC personnel have routinely used
Gastech detector tubes (chemically reactive traps yielding color changes to
target components) to monitor for these components. Components measured in

this manner were phosphine, oxygen, carbon dioxide, carbon monoxide, and
hexane.

To determine hexane and other organic components in the vapor phase

; on this sampling effort, triple adscrbent traps were used to sample the
R vapor from the chamber. These vapor traps were 1/4 inch od. stainless steel
. tubes 6 inches in length, and packed with secticns of Tenax followed by
Carbotrap and then Ambersorb XE-340. These traps have been used
successfully in our laboratery to collect organic vaporss. The trap is
desorbed thermally into an analytical system such as a gas chromatograph,
and in this case te a gas chromatograph followed by a mass spectrometer
GC/MS. Quantitative GC/MS analysis indicated that only hexane and

methylcyclopentane were present in measurable concentrations. The values
are reported in Table 4.

Hexane levels were less than 1 ppm at the low aerosol concentrations
and approximately 5 ppm for the higher concentrations. This is
approximately 15 ug/L of aerosol and is well below the OSHA limit of 180
pg/L for an 8 hour time weighted average. The levels found at DWRC are
similar to those determined at ORNL, where hexane levels of approximately 1
ppm per mg/L of aerosol were observed.

These values as determined by GC/MS are as much as a factor of twenty
below values measured by the Gastech sampling systems used by DWRC
pexsonnel. To verify the efficacy of our traps for the determination of
hexane vapor, a series of experiments were performed at ORNL. Hexane vapors
were generated, using a diffusion tube. The vapor was diluted with air, and

' passed into a chamber. Concentration was determined by weight change in the
diffusion tube and ' a carefully measured dilution air flow. The
concentration was also monitored continuously using a total hydrocarbon
monitor (flame ionization detector). Triple sorbent trap samples were taken
of the test chamber atmosphere and analyzed by GC/MS in a manmer identical
to that of the field samples. Their results are shown in Table 5.
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o] Table 4. Vapor Phase Organic Concentrations
S RPBR_Expnsure Armospheres at DWRC

Sample Type Triple Sorbent - GC/MS Analysis®etector Tube Analysisb
Methyl
hexane n) Cyclopentane (ppm) Hexane m
Chamber Blank® 0.0 ND ND
Trip Blankd 0.0 ND .

Low Aerosol Concentration

Burn 1 0.31 0.016 30
Burn 3 0.05 NQ 50
Burn 5 ND NQ ND

High Aerosol Concentration

Burn 2/1 3.1 0.36 60
Burn 2/2 5.4 NQ
Burn 4/1 4.2 0.22 160
Burn 4/2 4.4 NQ
Burn 6/1 2.6 0.28 80
Burn 6/2 2.4 NQ

ND - None Detected

NQ - Not Quantified

2 Determined at ORNL, using thermal desorption GC/MS
Determined at DWRC, using detector tubes -

Table S Compariso Predicted Vs, Observed Hexane Vapor Levels
Using Triple Sorbent Trap ~ GC/MS Sampling/Analvsis Procedure

Sample Code Sampling Duration, Flow Rete, Hexane Concentration® Trap Loading of Hexane, /3

(min.) (L/min, ) J1.¥A8 Predicted Observed

Blank #1 10 0.53 0 0 0

Blank #2 10 0.53 ) 0 2.5
TS 1 1 6.53 8.84 4.7 5.0
7S 2 1 N 0.53 8.60 4.60 S.4
s 3 2 0.53 8.48 g, 8.4
TS 6 4 0.53 9.88 21.1 18.2
15 7 6 0.53 9.49 30.4 29.0

2 Based on veight reduction from diffusion tube




Good ugreemecnt is shown beiween tle theoretical loadings of the traps and
those actually observed., We ar~ confident that the hexane values determined
by this technique are valid. We make no attempt to explain the higher
values determined by the Gasrech detector tube procedure except to state
that tle RPBR aerosol is # ruther complex system and the sampling tubes are
designed for atmospheres coutaminated with a limited number of components.
It would seem possible that the high concentrations of phosphoric acid mist
could somechow interfere with rhe chemical reactions in the detector tubes.

Furthev support for the contention that the hexane concentration is not
as high as measured by the detector tube procedure 1is presented in
calculations in Appendix A. A calculation 1is performed showing the
theoretical wupper bound of hexane vapor that could be present in the
exposure atmosphere if none of the hexane used to soften the RPBR is burned.
That value of 40 ppm for the high concentration burns is below the OSHA

limits for human exposure (50 ppm) and the values determined by the Gastech
procedures at Denver.

Additionally, a calculation of carbon dioxide (CO2) produced from
burning the butyl rubber and the hexane that would be in the softened
material, as burned, is also in the appendix. The formulation is a blend of
95% phosphorus and 5% butyl rubber. Hexame is added to the blend by vapor
absorption to a concentration of 7.5 % by weight. By calculating the volume
of COg9 that will be produced from the quantity of softened RPBR needed to
produce 6 mg/L of aerosol in the chamber, it is shown that if all the hexane
and the butyl rubber is burned, ca. 0.39 cc of COy/L is formed. This is 390
ppm carbon dioxide in the chamber. Based upon the gas chromatographic
analyses of samples returned to ORNL, 350 ppm COy above background was found
in the chamber. This, along with the concentrations of CO found and the
measured concentrations of hexane found by the vapor trap procedure, a
rather good material balance is achieved, suggesting mnear complete
combustion of the hexane and butyl rubber.

To determine other gas phase components, three types of samples were
taken. Draeger type indicating sampling tubes were used to sample directly
from the chamber. Phosphine was determined in this manner. Filtered
atmosphere samples for CO and CO9 were withdrawn from the chamber using
small diaphragm pumps and collected in Tedlar gas sampling bags. CO was
measured by drawing the sample from the bag through an Ecolizer and a
Dreager tube. (0 was also measured from the Tedlar bag using a Dreager
tube. Additionally, a sample was transferred from the bag to a glass gas
sampling bulb and brought to the Oak Ridge National Laboratory for COp
analysis., COp was analyzed by gas chromatographys. Results of these
analyses are shown in Table 6.

Carbon dioxide levels are approximately twice that of the ambient
concentrations for the high concentration runs. Previous measurements at
IITRI and ORNL are comparable to these results. It is interesting to note
that the carbon dioxide contribution from test animals in the exposure
chamber (40 rats) at IITRI was similar in magnitude to the amount
contributed by the burning of the RPBER.
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Table 6. Aerosol ioncentratio-s of Selected Vanor Phase Constituents

As Determinad by Miltiple Analytacal lMethods

Carbon Dioxide, ppm Carbon Monox:de, ppm Phosire, 2ra
GC raeger Tubo Ecolvwzer Draezer T-be draceger Tube
Chamber Blank 3942 300 KD - §D
. Low Concentraticn
Run 1 506 400 31 20 ipe
Run 3 478 200 16 i0 5D
Run 5 469 300 26 i3 ND
’ ' High Concentration
Run 2 722 400 0 30 <0.1
Run 4 750 500 54 32 <0.1
Run 6 759 500 53 35 NQ
’ 3 pvezage of 5 determinations
ND = llone Detected
NQ = Not Quantified

Carbon monoxide levels for the high concentration burns are at the OSHA
limit of SO0 ppm for an eight (8) hour exposure. This is somewhat higher
than observed in burns conducted at ORNL. Aerosol concentrations at ORNL
ranging from 2Zmg/L to 5 mg/L resulted in carbon monoxide concentrations of

. only ca. 25 ppm. There was no increase in carbon monoxide at the higher
' ® burns, as was the case at the DWRC. Burns at IITRI we.e conducted at much
lower aerosol concentrations (less than 1.25 mg/L) and carbon monoxide
concentrations ranged from 8 to 24 ppm for all burns. The higher carbon
monoxide concentration at DWRC could be caused by the lower flow rates of
air across the point at which the RPBR is burning. As stated previously, in
order to attain the 6 mg/L aerosol concentration, it was necessary to lower
PY the dilution air flow rate. This dilution air is drawn through the burn
chamber. With the lower flow rate, less turbulence would exist, and oxygen

may become depleted at the point of combustion. This could result in less

complete combustion and a higher vesulting CO concentration in the chamber.

: Phosphine determinations using the Dreagers tube were inconclusive.
. Only slight discoloration at the base of the sampling tube was observed.
. R Estimates of concentrations were based upon the lower detection limit of the
sample tube. A more precise gas chromatographic technique used at ORNL
could establish no more conclusive values. The OSHA established limit of

0.3 ppm would have been detected by either of the two methods.




Conclusions -

Little difference was obucrved between the exposure atmosphere
generated at DWRC and that generated at ORNL. Although the hexane vapor
concentration as determined LY the detector tubes was found to be at the
OSHA exposure level of 50 ppm, the levels as determined by the much more
accurate GC/MS method were well below that limit. The hexane tests
performed at ORNL by generating a known hexane vapor concentration and
sampling with the triple sorbent iraps verify that the method is accurate at
the levels found. Additionally, calculations indicate that even if none of
the hexane was consumed by combustion, the concentration of hexane could not
reach the levels measured by the Gastech system.

The TOC concentration associated with the particulates is higher than
that reported for burns at ORNL, but is the same level as that determined at
IITRI. The TOC concentration is only a few micrograms per liter in the
higher concentration atmospheres.

Carbon monoxide in the high (6 mg/L) concentration atmospheres is above
levels determined at ORNL and is at the OSHA 1limit of 50 ppm. Other

constituents are very similar in concentration to that found in the original
characterization efforts.

We consider the product generated by the extrusion burn method to be
representative of that product produced in the field. Differences observed
between the RPBR aerosol as generated at DWRC and that at ORNL are minimal
and not sufficiently great to preclude the use of the aerosol for the
toxicological study. Most differences appear to be due to air flow or
oxygen concentration. Such diflferences would be encountered to some extent
in a field situation. In the field, some of the aerosol is produced while
the RPBR pellets are flying through the air. In such a case, oxygen
depletion at the combustion site would be minimized. However, some of the
aerosol is generated while the pellets are lying on the ground and burning.

In this situation, occasional oxygen depletion near the point of burning
would be expected.
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APPENDIX A

CALCULATION OF MAXIMUM EXPECTED HEXANE

AND CARBON DIOXIDE LEVELS IN EXPOSURE ATMOSPHERE
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Calculation of Maximum liecxane Vapor Content of Exposure Atmosphere
-

Average HaPO; fraction of total aerosol mass in high concentrations burns
(6bmg/liter) = 80.7%

At 6 mg/liter aerosol concentration, then H3PO; level = 4.84 mg/L as H3PO,

{P]/[H3PO4]) =~ 31/98 = .316 mg P/mg H3PO,
The RPBR blend is ¥5% P, 5% butyl rubber
The RPBR blend is softened with 7.5% hexane, by weight

Thus,
mg P/ liter aerosol = 1.53 mg
mg BR/liter aerosol - .081 mg

mg hexane/liter aerosol = .121 mg

hexane vapor @ STP = 22.4 L/86 grams
= .25 ml/mg hexane

For atmospheric conditions at Denver, this would expand by

760mm Hg x 294°K, or 0.33 ml/mgz.
660mm Hg x 273°K

Then .121 mg hexane x .33 ml/mg hexane
= .04C ml hexane vapor or

~ 40 ppm hexane if none burned
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Calculation of Maximum Volume of (09 Formed
from llexane and Butyl Rubbe:s Combustion

hexane +  oxygen --> Carbon dioxide +  water
. At a 6 mg/L aerosol concentration, there would be COy contributions
Vo from 0.121 mg hexane and 0.081 mg butyl rubber, per liter of aerosol.
2 CgHyy, + 19 0p -> 12 €Oy + 14 Hy0
, 1 mg yields 3.06 mg
;. .121 mg yields .370 mg
e .
O butyl rubber +  oxygen --> Carbon Dioxide + water
GO (C4Hg) + 609 --> 4COy -+  4HaO
Ty 1 mg yields 3.14 mg
.081 mg yields  .254 mg

Maximum €Oy from hexane and butyl rubber = .624 mg per liter aerosel.

44 grams COp = 22.4 liters @ ST?
0.624 mg COp = 0.318 rl COp @ STP, or 0.394 mL COp per liter

aerosol at Denver atmospheric conditions -

Thus, maximum CO9 level attainable would be 394 ppm above background,
cr 788 ppm
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Appendix D.

Standard Gross Necropsy Forms for Prairie Dogs and Rock Doves

STJDY 1.D. #00DT

Task 2 Effective Smoke Concentration Range Finding
Species  Prairie Dog Exposure Concentration
Animal Number Number of 1 hr Exposure Days
Sex - = Normal

+ = Abnormal

Circle Correct Description

1. Nasal Passages

fa) excess phlem/fluid: + -
’b) color: normal red grey-blue black
2. Trachea
fa) ulceration: + -
fb) exudate: + -
(c) bleeding: + -
{d) scarring: + -
3. Llarynx
(a) color: normal red grey-blue black
(b) texture: + -
(c) Tesions: + -
{d) exudate: + -
{1) amount/texture (optional)
4, Epiglottis
(a) color: normal red grey-blue black
{b) texture: normal softened hardened
{e) size: + -
5. Bronchi
{a) color: nrmal red grey-blue black
(b) fluid: + - .
(¢) lesions: + -
6. Lungs
{a) fluid: + -
(b) edema: + -
(c) hemorrhages + -
(1) location, extent, number of clots (optional)
7. Heart
(a) color: normal red grey-blue bhlack
(b) size: + -
8, Liver
(a) color: normal red light dark
[b) texture: .+ -«
(c) size: + -
9. Spleen
(a) color: + -
{b) size: + -
10. Kidney
a) color: + - (signature of Certified D.V.M.)
(b) size: + .
(date)
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Task 2 Effective Smoke Concentration Range Finding STUDY 1.D. 4DOD-?

Species Rock Dove . Exposure Concentration

Animal Number Number of 1 hr Exposure Days

Sex Cloacal exam - = Normal

Sex Necropsy exam + = Abnormal Body Weight g

Circle Correct Description

*], Nasal Passages
(a) excess phlem/fiuid: + -
(b) color: normal red grey-blue black

*2. Trachea

(a) ulceration: + -
) exudate: + -
{c) bleeding: + -
(d) scarring: + -
*3, Larynx
color: normal red grey-blue black

(a)
(b) texture: + -
(¢) lesions: + -
(d) exudate: + -
(1) amount/texture {optional)

*4, Epiglottis

fa) color: normal red grey-blue black
(b) texture: normal softened hardened
. o (¢) size: + -
*5. Bronchi
(a} color: normal red grey-blue black
(b) fluvid: + -
) (¢) 1lasions: + -
- *6. Lungs
. a) fluid: + -
S (b) edema: + -
o (¢} hemorrhages + -
s (1) 1lccation, extent, number of clots (optional)
7. Heart
fa) color: normal red grey-blue black
(b) size: + -
*8, Liver
(a) color: . normal red light dark
(b texture: + -
(¢} size: + -
9. Spleen
{a) color: + -
(b) size: + -

fa} color: + - (signature of Certified D.V.M.)
(b) size:

+
4

(date)
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Prairie Dog Symptom Counts

Appendix E.
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Appendix F, NVSL Histqnathology Reports for Prairie Dog {May 10,1988) and
Rock Dove Specimens (December 21, 1988"

. Z=2\ United States Animal and Veterinary National Veterinary
n® { Department of Plant Health Services Services Laboratories
- \ Agriculture Inspection Service P.O. Box 844
Ames, lowa 50010

Subject: Final Laboratory Report-~-Histopathology of Prairie Dogs

Date:  May 10, 1¢33
To: Ray T. Sterner, Ph.D.
USDA, APHIS, ADC ,
Denver Wildlife Research Center
"‘. Building 16, P. 0. Box 25266 -
. Denver, CO 80225-0266

. Enclosed is a summary chart of histological lesions found in tissues {rom the
PY prairie dogs submitted to the National Veterinary Services Laboratories on
‘ July 28, and December 3, 1987. A key to abbreviations used on the chart is
also enclosed.

A unique lesion was the presence of intracytoplasmic inclusions, withkin
‘ ganglionic cells of the larynx, associated with ganglioneutitis in several
,"' “animals. These changes are suggestive of a viral infection, but no viral
particles were seen in tissues examined by electron nicroscopy.

Histological findings on pigeon tissues will follow.

Anﬁm t"DM’ Pvm

A« J. Davis,'D.V.M.
Pathology Investigations Section
Pathobiology Laboratory

3 Enclosures .
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HISTOPATHOLOGY SUMMARY CHART--NVSL ACC. NC. 87-38152/87RA473

Prajrie dog # Sex COIE:zzed Lung Liver Trachea Larynx Other

2 F 07/07/87 4 +++ - . -

12 F 07/07/87 ++/1P + + GN -

18 F 07/07/87 PG +/N - ND -

51 M 07,/07/87 + ++ - GN S

56 H 07/07/87 +++ ++ GN -

66 M ¢7/07/87 44 ++ + GN/IB -

5 F 07/06/87 A+ +H+ + - S

19 F 07,/06/87 - ++/N + GN -

21 F 07,/06/87 + 4 ND - -

54 M 07/06/87 + ++ ND GN -

58 M 07/06/87 + ++ + GN/1B -

68 M 07,06/87 + ++ - - -

. 1 F 07/06/87 +H+ -+ + GN s

w 1 F 07/06/87 ++ +/N + . ]

L 15 F 07/06/87 +/1P +/N * - .
A 67 H 07/06/87 ++ ++ - GN H-NT

B 69 M 07/06/37 ++ +++ . GN -

< 73 M 07/06/87 ++/IP ++ - GN -

F 07/07/87 + it + GN S

F 07,/07/87 IP +i+ + GN -

16 F 07/07/87 . +/N . - -

22 F 07,/07/87 ++ +H++ + GN/1IB -

49 M 07/07/87 -/FBG ++ - GN 5

57 M 07/07/87 -/BBLYH ++ + GN -

71 M 07/07/87- - + ++ GN -
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Date

Prairie dog # Sex Collected Lung Liver Trachea Larynx Other
J27 F 11/16/87 +H+/PG -+ ND GN -
28 F 11/16/87 - +H+ - GN -
30 F 11/16/87 ++/PBLH ++ + - -
33 F 11/16/87 + ++ GN .
34 F. 11/16/87 +/1P + ND GN -
35 F 11/16/87 ++/PBLH 44+ + GN/1B -
75 M, 11/16/87 ++ ++ GN -
77 M. 11/16/87 ++ -+ + GN -
88 M 11/16/87 +/IP/PLG  ++ ND - -
96 M 11/16/87 . + + GN -
g8 M 11/16/87 + it ND GN S
100 M 11/16/87 ++ + ND CN -
~\
32 F 11/17/87 ++ ++ + GN/IB S
36 F 11/17/87 ++/BBIH  +++ + GN S
38 F 11/18/87 PG/IP ++ - GN S
39 F 11/18/87 +++/1IP 4+ ND - S
42 F 11/17/87 PG ++ ND GN/1B S
43 F 11/18/87 PG ++ - G ?
45 E 11/17/87 +/PBLH ++ + . S
7% M. 11/17/87 ND D + GN .
! 81 M. 11/18/87 -+ - GN -
83 M. 11/18/87 + + ND GN/IB -
90 H. 11/18/87 - AR ND - S
97 M 11/17/87 ++ +* - GN s
02 M. 11/17/87 + +H+ + GN -
06 M 11/17/87 + H ND GN s
10 F 07/10/87 + H+ + oN .
17 F 07/10/87 ++ +/N . - .
25 F 07/10/87 - . ND GN .
50 M 07/10/87 ++/PBLH  +++ R GN -
52 M 07/10/87 +H+ ++ ND GN -
S5 M 07/10/87 ++ -+ + GN -
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Date

Prairie dog # Sex Collected Lung Liver Trachea Larynx Other

e 3 F 07/08/87 ++/1P ++ + ND s
: 5 F 07/08/87 ++/1IP ++ + ND -
] 20 F 07/08/87 + ++ + - -
-k 62 M 07/08/87 +H " + GN s
- 64 Y 07/08/87 +/PBLH 44 + . ]
70 M 07/08/87 4 -+ - - -
4 F 07/08/87 =+ + + GN s
g 9 F 07/08/87 ++ e - GN .
14 F 07/08/87 ++ -+ + . .
. 59 M 07,/08/87 ++ it + GN -
N 61 M 07,08/87 +—~+ -t + GN/1B -
ge 65 M 07/08/87 H+ e + GN .
13 F 07/10/87 + + - e -
. ° 23 F 07/10/87 + + + GN/1B .
. 24 F 07/10/87 ++/PBIH 44+ + . -
53 M 07/10/87 + ey + GN S
O 60 M 07/10/87 + - + GN/1B T -
., 63 Mo 07/10/87  si/eBiH 4 i oN i
3 72 M 07/10/87 ++ ++ - GN .

o
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KEY TO HISTOPATHOLOGY SUMMARY CHART

No lesion seen

Mild multifocal hemorrhage and necrosis
Moderate multifocal hemorrhage and necrosis
Severe multifocal hemorrhage and necrosis
Peribronchial lymphoid hyperplasia
Interstitial pneumonia

Foreign body granuloma

Pulmonary granulomas (unknown cause)

Pulmonary lipogranuloma

Mild, diffuse, hepatocellular swelling and degeneration with cholestasis
Moderate, diffuse, hepatocellular swelling and degeneration with cholestasis
Severe, diffuse, hepatocellular swelling and cegeneration with cholestasis

Minimal to mild, multifocal, hepatocyte necresis

No lesion -

Mild, multifocal, epithelial ulceration and necrosis
Specimen not examined

Intracytoplasmic inclusion bodies in ganglion cells
Lymphocytic ganglioneuritis

Sarcocystosis in skeletzl muscle

No lesion seen ’

Specimen not examined

Hemorrhage in nasal turbinate
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ACCESSION NO.

LABORATORY REPORT CONTINUED

87-381652/878A473

DATE

PAGE

05.02/88 1or 4

_DENVER V1101 1FE RESEARCH CENTER, DENVER,  CO

1.

‘ Electron Microscopy Results:
; A section of hematoxylin-eosin stained prairie dog pharynx was reprocessed for
L
electron microscopy. No viral particles are discernible within or associated
with the cytoplasmic inclusions observed in the ganglion cells.
A @
.5" . v
. S. 04 Wenkins, Piologist
N Clinical Patholcgy Section
® Pathobiology Lzboratory
g @
B e

CONTINUED ON PACE

PATA PROCESSING CODES

B ® VSFORM 1054
UAN 73)
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‘ { Veterinary
ted States Animal and Science and Nationa
) B hertment of Plant Health Technology peges R aiories
Agrlculture inspection Service Ames, lowa 50010
Subject:
Final Laboratory Report--NVSL Acc. No. 88-08849/RA122
Date:
To: December 21, 1988

Ray T. Sterner, Ph.D.

USDA, APHIS, ADC

Denver Wildlife Research Center
Building 16, P. 0. Box 25266
Denver, CO 80225-0266

Enclosed is a summary chart of histological lesicns feund in tissues from
the pigeons submitted to the National Veterinary Services Laboratories on

December 3, 1987. A key to abbreviations used cn the chart is also included.

a brm 1t 5
KA. L. Jdenny, D.V.M., M.S.
Head, General Patholegy and
Patholegy Investigations Section

Enclosure
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Histopathology Results (88RA122):
-

The following is a listing of lesions found in 41 pigeons exposed to red

phosphorus/butyl-rubber smoke and six nonexposed controls.

CONTROL PIGEONS

120

Pigeon No. Sex Tulila)iiites Epiglottis Larynx Trachea Lung Liver
27 M TNA NSL NSL NSL PC PPI/C
32 F T™HA KSL NSL NSL H/PC PP1
40 F TINA NSL LF NSL H/PC PP1
51 F TNA NSL NSL NSL H PPI
84 M TNA NSL TNA NSL Cc/H PPI

113 M TNA NSL NSL NSL TNA PPI
EXPOSED PIGEONS
19 TNA NSL NSL NSL PC PPI/C
31 F TNA TNA NSL NSL H PP1
39 F TNA NSL NSL NSL TNA  PPD/N
. 43 ¥ TNA NSL NSL NSL H/PC  PPI/CS
72 M TNA INA NSL NSL H/PC C/PP1
94 M NSL TRA NSL NSL c/H PP1
61 F TNA NSL NSL NSL c PPI
71 M TNA NSL NSL NSL C/PC  CS/PPI
75 F TRA NSL NSL NSL H PPI
76 M TNA NSL NSL NSL H PPI
81 F TNA NSL NSL NSL PVLI PPI
96 M TNA NSL NSL NSL NSL PPD/N
36 M NSL NSL NSL NSL H/PC PP1
42 M NSL TNA NSL NSL H/PC  PPD/N
46 F TNA NSL NSL. NSL PC PPI




Pigeon No. Sex N. Turbinates Epiglottis Larynx Trachea Lung Liver

——

-
:..
L

65 M TNA NSL A LI/A C/E/A  C/A
66 F TNA NSL NSL NSL c ¢
o © 69 M NSL NSL NSL NSL H PPI
. 30 F TNA NSL NSL NSL BC TNA
| P 60 3 TNA NSL NSL NSL H PPI
‘ 62 M TNA NSL LI LI C/E c
68 M TNA NSL NSL/A NSL/A C/A c/A
2o 82 M TNA NSL NSL H c cs/c
] 87 F TNA NSL NSL NSL PVLI/PC CS
38 M TNA TNA NSL NSL H/PC  NSL
) XA F NSL TNA . NSL NSL H/PC  PPI/CS
,' 45 F NSL TNA NSL NSL PC PPI
> 564 M TNA NSL NSL NSL C/E c
. e 56 F TNA NSL NSL NSL H PP1
120 M TNA NSL NSL NSL C/E/A C/E/A
: o 20 M TNA NSL NSL NSL PC NSL )
) 55 F NSL NSL NSL A C/E c
63 M TNA NSL NSL/A  NSL/A  C/E/A  C/A
74 F TNA NSL NSL NSL C/H/T  C/PPD/N
106 F TNA NSL NSL NSL C/E PPI
111 M TNA TNA TNA NSL C/E/A c
49 M TNA ) TNA NSL NSL NSL PPI
Other Specimen--Heart--NSL
50 M ™A NSL NSL NSL H  PPI/PPD/N
77 F TNA NSL NSL NSL c c
88 M TNA TNA TNA TNA TNA TNA
103 FM TNA NSL NSL F c/A C/A
107 F TNA NSL NSL NSL NSL PPI
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TWA = Tissues not available for examination
LI = Lymphocytic inflammation -
PVLI = Perivascular lymphocyte infiltration
C = Congestion

E = Edema

T = Thrombosis

H = Hemorrhage

PPI = Periporxtal inflammation

PPD = Periportal hepatocyte degeneration

N = Necrosis

CS ~ Chulestasis

PC = Ppneumoconiosis

NSL =~ No significant lesion

LF = Lymphofollicular preliferation

A = Postmortem autoly:is

T =~ Submucosal fibrosis

Comments and Summary

No significant lesions were found in nasal turbinates examined. Tissues from many pigeons
vere not available for microscopic examination.

No significant lesions were found in sections of epiglottis from control or exposed
pigeons.

Lymphocytic inflammation was present in sections of larynx from one control and one
exposed pigeon. This lasion is nonspecific.

No significant lesions were found in sections of trachea from control pigeons. Lesions
found in sections of trachea from exposed pigeons included lymphocytic inflammation (2
pigeons), hemerrnage (1 pigeon), and fibrosis (1 pigeon). These lesions are considered to
be nonspecific.

Hemorrhage was found in lung sections from four control and 15 exposad pigeons. This
lasion may be related to the method of euthanasia. Pulmonary congestion and/or edema are
presumed to be related to the method of euthanasia or hypostatic changes which occurred
after esuthanasia. Pneumoconicsis, a lesion found in three control and 12 exposed pigeons,
ic regarded as an incidental finding. Perivascular lymphocyte infiltrates were found in
lung sections of ‘wo exposed pigeons. This lesion is considered to be nonspecific.

Lesions in the liver included periportal inflammation, a nonspecific lesion usually
associatad with a previous baccerial infection. Hepatic congestion is presumed to be
related zo method of euthanasia. Cholestasiz was found in liver sections from five
exposed pigeons. Cholestasis is a nonspecific fianding. Periportal degeneration and
necrosis was found in liver sections from five other exposed pigeons. This lesion was
found in individuals from five differemt groups. The etiology of this lesion is unknown
but does not appear to be related to level of exposure.

No lesions, attributable to red phosphorus/butyl-rubber smcke exposure, were found in the
tissues examined.

}4 i’l)ﬂx/% , Dvir paS A ;!Mﬂ‘”"/ Jrg

A. JVbaviz, D V.M., H.5. A. L Jenny? D.V. M., M.S.

General Pathologv & Pathology liead, Gereral Pathology & Pathology
Investigations Sszction Investigations Section

Pathoblolegy Laborvatory Pathcbiology Laboratory
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Appendix G. Graphic-planimeter Procecdure for Estimation of Haximal
Steady-state RP/BR Aerosol Concentrations.

A Lasico Planimeter (Model 120; Los Angeles Scientific Instrument Co.,

Los Angeles, CA) was used to measure the area under the curve of a 36 to 40
min portion of the ORNL Infrared Detectoer chart recordings at the maximal
asympotic concentration levels. Areas under the chart recording curves of
each entire exposure period (75 to 101 min) were also measured with this
instrument. The ratio of this first to this second area for each given smcke
exposure session was then multiplied by the total measured zerosol mass in
order to estimate the fraction of total mass represented in the
maximal-steady-state portion of each session. Since the gravimetric sampling
rate for aerosol filter pads was 1.0 1/min, each resulting product was then
divided by the number of min selected for maximal concentration measurements
on each respective chart reccrding. These selected time intervals sometimes
varied due to flame-outs and other aberrations. The resulting values are in
mg/1 units and they represent the best estimates for evaluating our
achievement of "target concentrations."

The procedure has been validated using Task 1 data where actual maximal
steady-state-phase concentration values were measured over 3, 10 min intervals
for several RP/BR extrusion pump settings. A very high coefficient of
determination value of 0.9769 was derived by correlating calculated planimeter
concentration estimates to the actual measured amounts of RP/BR aerosol
concentration using linear regression. Details of this validation data
analysis are presented in Task 3 under this series of reports.
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